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X  read  y. 
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...  287,  ...   I'l,  the  last  -V  ought  to  be  — . 

20,  !i^  is  an  exponent. 

...  S88,  ...  9,/«r  2— ^  read  z—y. 

...  'W3,  ...  !iJ,  the  exponent  shouhl  be  «  instead  ofw-f  I. 

...  397.   ••■    J 8, /or  venal  read  renal. 
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I,  On  the  Magnetic  Relatwtis  and  Characters  of  the  Metals. 
By  Michael  Faraday,  D.C.L.y  F.R.S.f  Foreign  Asso- 
ciate of  the  Acad.  Sciences^  ^c* 

IN  two  former  communications  to  the  Philosophical  Maga- 
zine f  respecting  the  magnetic  characters  of  metals  ge- 
nerally and  the  temperatures  at  which  they  respectively  lost 
or  gained  the  powers  of  magnetic  induction,  I  said  that  iron 
and  nickel  were  the  only  metals  which  had  this  power,  and 
that  I  could  not  find  it  in  pure  cobalt.  In  this  I  was  in  error; 
cobalt  has  this  property  in  common  with  iron  and  nickel,  as 
others  have  said.  I  have  sought  for  the  piece  of  cobalt  on 
which  I  experimented  and  believed  to  be  pure,  but  cannot 
find  it,  and  am  now  unable  to  ascertain  the  cause  of  my  error, 
though  not  too  late  to  correct  it. 

By  favour  of  Dr.  Percy  and  Mr.  Askin  I  have  recently 
experimented  with  two  fine  pieces  of  pure  cobalt  prepared  by 
the  latter,  both  being  well-fused  and  perfectly  clean  masses. 
This  metal  becomes  strongly  magnetic  by  induction,  either  of 
a  magnet  or  an  electro-current,  and  can  easily  be  made  to  lift 
more  than  its  own  weight.  Like  soft  iron  and  nickel,  it  does 
not  retain  its  magnetism  when  the  inducing  influence  is  re- 
moved. 

It  was  to  me  a  point  of  great  interest  to  ascertain  whether, 
and  at  what  temperature,  cobalt  would  lose  this  power  and 
become  as  the  unmagnetic  metals.     To  my  surprise  I  found 
this  to  be  very  high,  not  merely  much  higher  than  with  nickel, 
but  far  above  that  required  for  iron  or  steel,  and  nearly  ap- 
proaching the  temperature  of  melted  copper.     That  for  iron 
is  a  moderate  red  heat,  and  that  for  nickel  the  temperature 
of  boiling  oil  only.     As  the  temperature  rises,  the  magnetic 
force  of  the  cobalt  continues,  apparently  undiminished,   to 
*  Coniimuiicated  by  the  Author, 
t  1836,  vol.  viii.  p.  177,  and  1839.  vol.  .\iv.  p.  IGl. 
Phil  Mag.  S.  3.  Vol.  27.  No.  177.  July  1845.*  B 
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a  certain  degree  of  heat,  and  then  suddenly  ceases;  and  it 
comes  on  as  suddenly  in  descending  from  still  higher  tempe- 
ratures. 

The  oxide  of  cobalt  procured  by  burning  the  metal  cobalt 
on  charcoal  by  a  jet  of  oxygen  was  obtained  as  a  fused  glo- 
bule and  was  not  magnetic. 

The  oxide  of  nickel  being  heated  and  cooled  is  not  mag- 
netic, but  whilst  heating  care  must  be  taken  that  it  is  not  re- 
duced. If  heated  in  the  flame  of  a  spirit-lamp,  especially  at 
the  lower  part,  it  will  often  appear  to  be  not  magnetic,  and 
then  as  the  temperature  falls  will  become  magnetic;  but  this 
is  caused  by  the  reduction  of  a  little  of  the  oxide  at  the  edges 
or  elsewhere  in  the  mass  to  the  metallic  state,  and  its  exhibi- 
tion of  the  properties  of  the  metal  at  temperatures  above  and 
below  the  magnetic  point. 

Manganese.  —  A  piece  of  manganese  prepared  by  Mr. 
Thomson  and  considered  pure  was  put  into  my  hands.  It 
contained  a  trace  of  iron  ;  it  was  very  slightly  magnetic,  and 
probably  only  in  consequence  of  the  little  iron  present.  Before 
a  jet  of  oxygen  or  charcoal,  it  burnt  with  sparkles  somewhat 
in  the  manner  of  iron,  and  producetl  an  oxide  which  could  be 
obtained  either  as  a  porous  white  mass  or  as  a  dense  compact 
brown  mass,  translucent  in  small  slices;  but  in  neither  state 
was  the  oxide  magnetic. 

1  tlien  cooled*  manganese,  chromium  and  many  other 
metals  and  bodies  to  the  lowest  temperature  which  I  could 
obtain  by  a  mixture  of  aether  and  solid  carbonic  acid  placed 
in  vactio^y  the  temperature  being  then  not  higher  than  loG*^  F. 
below  0°,  but  not  one  of  them  assumed  the  magnetic  state. 
The  following  is  a  list  of  the  substances: — 


Platinum. 

Gold. 

Silver. 

Palhullum. 

Copper. 

Tin. 

Lead. 

Cadmium. 

Zinc. 

Ilh(Hliun). 

Manganese. 

Cfiromium. 

Titanium. 


Iridium  and  Osmium. 
Antimony. 
Arsenic. 
Bismuti). 
Fusible  metal. 
Speculum  metal. 
Plumbago. 
Gas- retort  carbon. 
Kish. 
Orpiment. 
Realgar. 

Sulpnurct  of  antimony, 
bismuth. 


•  Phil.  Mug.,  1h;J{>.  vol.  xiv.  p.  1(1-2. 

f  Pliilu«u{>iiicni  Tran»actiuni,  \Mb,  pp.  VoJ,  )5H. 
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Chloride  of  silver. 

lead. 
Protoxide  of  arsenic. 

antimony, 
lead. 
Oxide  of  bismuth. 

tin  (native), 
manganese  (native). 


Sulphuret  of  copper. 

iron. 

lead. 

silver. 

tin. 
Carbonate  of  iron,  native. 
Prussian  blue. 

Crystallized  sulphate  of  iron. 
Calomel. 

Thus  it  appears  that  only  iron,  nickel  and  cobalt  are  mag- 
netic, or  can  be  made  magnetic  amongst  metals  after  the  man- 
ner of  iron;  but  the  addition  of  cobalt,  and  still  more,  the 
very  high  temperature  required  to  take  away  this  property 
from  it,  increases  the  probability*  that  all  the  metals  form  a 
common  class  in  respect  of  this  property ;  and  that  it  is  only 
a  difference  of  temperature  which  distinguishes  these  three 
from  the  rest,  just  as  it  also  in  a  similar  respect  distinguishes 
them  from  each  other. 

In  connexion  with  the  effect  of  heat  it  may  be  remarked 
(and  perhaps  has  been  remarked  already),  that,  assuming  an 
elevated  temperature  for  the  internal  parts  of  the  earth,  then 
it  is  evident  that  at  a  very  moderate  distance  from  the  surface, 
as  compared  with  the  earth's  diameter,  the  substances  compo- 
sing the  earth  must  be  destitute  of  such  magnetic  power  as  is 
possessed  by  a  magnet;  and,  at  a  distance  somewhat  greater, 
none  of  them  can  retain  even  that  power  whicii  soft  iron  has  of 
becoming  magnetic  by  induction.  In  such  case,  whether  the 
earth  be  considered  as  magnetic  of  itself,  like  a  loadstone,  or 
rendered  magnetic  by  induction  under  the  influence  of  exter- 
nal magnetic  masses,  as  the  sun  for  instance ;  still  it  can  only 
be  in  its  crust  that  the  magnetic  power  could  be  developed. 
Assuming  with  Ampere,  that  the  magnetism  of  the  earth  is 
due  to  electric  currents  circulating  around  it  parallel  to  the 
equator,  then  of  course  the  above  observations  regarding  the 
effects  of  heat  would  not  «pply. 
Royal  Institution,  June  7,  1845. 

II.  On  the  Products  of  the  Distillation  of  Benzoate  of  Copper. 
B\j  John  Stenhouse,  Ph.D,\ 

EAR  the  conclusion  of  Dr.  Ettling's  very  able  and  ela- 
borate paper  on  the  Essential  Oil  of  Spirea  Vlmaria 
and  Salicylous  Acid,  which  appeared  in  Liebig's  Annalen  for 
184jO,  it  is  shortly  stated,  that  by  the  destructive  distillation  of 

*  Phil.  Mag.,  1836,  vol.  viii.  p.  177. 
\  Communicated  by  the  Author. 
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salicylite  and  benzoate  of  copper,  Dr.  Ettling  had  obtained 
among  other  products  two  neutral  crystalline  bodies — that 
from  benzoate  of  copper  having  a  smell  very  much  resembling 
the  odour  of  the  geranium.  Being  quite  unaware  that  Dr. 
Ettling  had,  subsequently  to  the  publication  of  that  notice, 
analysed  the  compound  from  the  benzoate  of  copper,  I  was 
induced  a  few  months  ago  also  to  prepare  a  quantity  of  that 
substance  and  to  subject  it  to  examination.  Having  men- 
tioned this  circumstance  to  Dr.  Ettling,  he  very  kindly  fur- 
nished me  with  the  subjoined  account  of  his  experiments,  and 
at  the  same  time  requested  me  to  prosecute  the  examination 
of  the  subject. 


"  A  quantity  of  benzoate  of  copper  consisting  of  a  mass  of 
small,  slightly  soluble  needles  of  a  greenish-blue  colour,  ob- 
tained by  mixing  hot  solutions  of  benzoate  of  potash  and  sul- 
phate of  copper,  was  heated  in  a  retort  placed  in  an  air-bath 
to  about  the  temperature  of  220^  R.  The  retort  was  furnished 
with  a  tubulated  receiver  and  a  pneumatic  apparatus  to  collect 
any  gases  which  might  be  evolved.  The  salt  became  first 
brown  and  then  of  a  reddish  copper  colour,  giving  off  at  the 
same  time  an  oily  matter,  a  portion  of  which  crystallized  in 
the  neck  of  the  retort,  while  a  light  oil  passed  into  tiie  receiver, 
where  on  cooling  it  also  became  filled  with  crystals.  A  gas 
passed  into  the  pneumatic  apparatus,  which,  as  it  rendered 
lime-water  turbid  and  was  absorbed  by  potash,  was  evidently 
carbonic  acid.  A  second  portion  of  gas  was  also  evolved, 
which  burned  with  a  blue  flame  and  was  not  absorbed  by  pot- 
ash. It  was  not  more  closely  examined.  The  mass  of  salt  in 
the  retort  diminished  to  about  half  its  bulk,  and  when  still 
more  highly  heated  gave  out  an  oily  liquid,  which  on  cooling 
crystallized  in  needles.  If  the  distillation  was  carried  still 
further,  the  retort  was  found  to  contain  a  little  of  a  brownish- 
coloured  salt  of  copper  mixed  with  a  quantity  of  metallic 
copper. 

"The  solid  portion  yielded  by  the  distillation  had  a  greenish 
colour,  was  hard,  brittle,  niched  readily,  and  it,  as  well  as  the 
more  fluid  portion,  had  very  much  the  smell  of  naphthaline, 
though  also  faintly  reminding  one  of  the  odour  of  red  gera- 
nium. Wlien  the  products  of  the  distillation  were  heated 
witii  a  weak  NoUition  of  potash,  a  portion  of  them  dissolved, 
forming  a  yellow  solution,  while  another  swam  on  the  surface 
of  the  li(|ui(l  as  a  colotnless  oil,  which  on  cooling  became  a 
cryitollinv  mass  rusenibling  paraflinc.  This  crystalline  portion 
wait  repeatedly  treated  with  alkaline  leys,  by  which  o|)eration 
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its  bulk  was  exceedingly  diminished,  and  probably  a  consider- 
able quantity  of  it  decomposed.  The  portion  insoluble  in  al- 
kalies dissolved  very  readily  in  hot  alcohol,  and  crystallized 
on  cooling  in  long  snow-white  crystals.  These  were  melted 
and  subjected  to  analysis  in  the  usual  way. 

"I.  0*581  grm.  gave  1'675  carbonic  acid  and  0*265  water. 

"II.  0-5655  gave  1*633  carbonic  acid  and  0*258  water. 

I.  II. 

Carbon  .     78*55  78*76 

Hydrogen      5*06  5*06 

Oxygen.      16-39  16*18 

100-00  100*00 

"  When  that  portion  of  the  distillate  which  dissolved  in  the 
potash-ley  was  boiled  in  a  retort,  water  passed  over  mixed 
with  a  few  drops  of  an  oily  matter,  which  was  not  more  closely 
exammed.  What  remained  in  the  retort,  on  being  saturated 
with  sulphuric  acid,  became  a  mass  of  shining  crystals,  which 
closely  resembled  benzoic  acid.  When  the  brownish-red  co- 
loured salt  which  remained  in  the  retort  was  treated  with  sul- 
phuretted hydrogen  gas,  it  became  very  hot  and  was  covered 
with  a  sublimate  of  white  crystalline  needles,  while  hydrogen 
gas  was  given  off  and  sulphuret  of  copper  remained.  This 
sublimate  was  soluble  both  in  alcohol  and  water,  and  crystal- 
lized on  cooling  in  long  shining  needles,  having  a  strong  acid 
reaction  and  an  appearance  quite  different  from  that  of  ben- 
zoic acid.  The  acid  can  also  be  extracted  from  the  copper 
salt  by  means  of  ammonia.  It  readily  crystallizes  when  the 
ammonia  is  saturated  with  acetic  acid,  and  the  copper  is  preci- 
pitated by  sulphuretted  hydrogen." 


The  quantity  of  the  neutral  crystalline  compound  which  I 
subjected  to  examination  was  obtained  from  benzoate  of  cop- 
per prepared  exactly  in  the  way  already  described  by  Dr. 
Ettling.  The  dried  salt  was  distilled  in  a  copper  retort  over 
the  naked  fire.  The  amount  of  the  neutral  body  which  the 
salt  yielded  was  pretty  considerable;  it  came  over  in  oily  drops 
which  condensed  into  a  pasty  crystalline  mass  as  the  receiver 
cooled.  The  products  of  the  distillation  were  benzoic  acid, 
the  neutral  ci-ystalline  body,  and  a  small  quantity  of  a  heavy 
oil,  in  appearance  and  smell  much  resembling  benzone.  The 
pasty  mass  was  first  strongly  pressed  between  folds  of  blotting- 
paper  to  remove  adhering  oil.  The  crystals  were  then  re- 
peatedly agitated  with  a  hot  solution  of  carbonate  of  soda  in 
great  excess,  which  removed  the  benzoic  acid,  the  amount  of 
which  considerably  exceeded  that  of  the  neutral  body.     It  is 
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improper  to  employ  a  solution  of  a  caustic  alkali  to  remove 
the  benzoic  acid,  as  such  a  proceeding  would  certainly  destroy 
a  large  proportion  of  the  neutral  compound.  The  crystals 
were  next  collected  on  a  filter  and  washed  with  cold  water  till 
every  trace  of  alkali  was  removed.  They  were  then  dissolved 
either  in  hot  alcohol  or  in  aether,  in  both  of  which  liquids  they 
are  exceedingly  soluble,  and  were  purified  by  repeated  cry- 
stallizations. They  crystallize  out  of  aether  in  large  four-sided 
oblique  rhombic  prisms.  The  crystals  are  hard  and  brittle, 
and  grate  between  the  teeth  like  sugar.  They  have  a  faint 
aromatic  smell,  somewhat  resembling  that  of  the  geranium, 
but  when  heated  approaching  that  of  lemons.  When  slowly 
deposited  from  an  aethereal  solution,  the  crystals  may  be  rea- 
dily obtained  an  inch  in  length.  Their  melting-point  is  70°  C. 
After  they  had  been  kept  melted  for  some  time,  to  drive  off 
any  adhering  aether,  they  were  dried  in  vacuo  over  sulphuric 
acid  and  subjected  to  analysis. 

I.  0*3508  grm.  substance  burned  with  chromate  of  lead, 
gave  1'0242  carbonic  acid  and  0'161  water. 

II.  0-3902  gave  1-1437  carbonic  acid  and  0-182  water. 

Atoms.  Calculated.             1.                    2. 

Carbon  .   14      1050-00  8000  79*62  80-01 

Hydrogen   5         63*39  4*76  5-09              5*18 

Oxygen  .     2       200-00  15*24  15-29  14-81 

1313*39       100-00  100-00  100*00 

It  is  evident  from  these  analyses  that  this  compound  con- 
tains only  one  atom  of  oxygen  less  than  benzoic  acid,  the  for- 
mula of  which  is  C14H5O.J,  and  consequently  it  is  isomeric 
with  benzile.  It  differs  very  essentially  from  benzile,  however, 
for  when  it  is  heated  with  solid  potash  it  is  inunediately  con- 
verted with  evolution  of  hydrogen  into  benzoate  of  potash ; 
while  benzile,  when  similarly  treated,  yields,  as  is  well  known, 
benzilute  of  that  alkali.  When  treated  with  an  alcoholic  so- 
lution of  potash,  it  (|uickly  forms  benzoate  of  potash  without 
any  change  of  colour,  white  at  the  same  time  a  little  benzoic 
flBther  is  also  produced.  When  it  is  boiled  with  an  acjueous 
solution  of  potash  or  soda,  it  is  also  converted  into  benzoic 
acid,  though  more  slowly ;  nnd  a  portion  of  the  com))ound  is 
apt  to  distil  over  undecomposed.  A  ()uantity  of  the  acid  ob- 
tained by  decomposing  the  neutral  compound  with  an  alkali 
in  the  way  just  described  was  purified  by  repealed  crystalliza- 
tions and  subjected  to  analysis. 

0'.S807  grn).  substance,  dried  ot  100°  C,  gave  0*9575  car- 
bonic acid  and  U*  1 G98  water. 
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Atoms.                                Calculated.  Found. 

Carbon    .   U     1050-00                68*85  68-67 

Hydrogen     6          74*87                  4*92  4-95 

Oxygen    .     4       400*00                26*23  26*38 

1524*00              100*00  100*00 


The  silver  salt  was  prepared  by  double  decomposition.  The 
appearance  of  its  crystals  was  exactly  that  of  benzoate  of 
silver. 

I.  0*4287  grm.  salt  dried  at  100""  C,  gave  0*202  metallic 
silver  =  50*67  per  cent,  oxide. 

II.  0-6175  salt  gave  0*289  silver  =  50*33  per  cent,  oxide. 
The  calculated  quantity  of  oxide  of  silver  in  the  benzoate, 

with  the  atomic  weight  of  carbon  at  75,  is  50*68  per  cent. 

The  neutral  compound  dissolves  in  sulphuric  acid  with  the 
assistance  of  heat;  the  solution  has  a  greenish-yellow  colour. 
Nitric  acid  also  readily  attacks  it  and  converts  it  into  benzoic 
acid. 

Action  of  Chlorine  on  the  neutral  body. 

The  compound  was  kept  melted  in  a  tube,  and  a  stream  of 
dry  chlorine  gas  was  sent  through  it  for  six  days  till  it  was 
completely  saturated.  It  soon  assumed  a  deep  yellow  colour, 
and  retained  a  semifluid  consistence  at  an  ordinary  tempera- 
ture, thus  evidently  consisting  of  a  mixture  of  a  liquid  and  a 
solid  crystalline  substance.  When  cooled  down  to  nearly  32° 
F.  it  became  quite  solid.  Its  smell  was  exceedingly  pungent 
and  offensive,  bringing  tears  into  the  eyes  very  readily.  The 
pasty  mass  was  gently  heated  for  some  time  to  remove  adhe- 
ring chlorine,  and  then  dried  in  vacuo  oxer  sulphuric  acid  and 
quicklime. 

I.  0*3765  grm.  substance,  burned  with  hydrate  of  lime  to 
determine  the  amount  of  chlorine,  gave  045 15  chloride  of 
silver  =  29*59  per  cent,  chlorine. 

II.  0*3144,  burned  with  chromate  of  lead,  gave  0*616  car- 
bonic acid  and  0*0916  water  =  53*43  percent.  C.  and  3*23  H. 

As  the  substance  analysed  was  evidi-ntly  a  mixture  of  two 
compounds,  I  proceeded  to  separate  them  by  pressing  the 
pasty  mass  between  folds  of  blotting-paper,  which  absorbed 
and  removed  the  greater  portion  of  the  fluid  body.  The  solid 
portion  was  then  repeatedly  dissolved  in  anhydrous  oether,  in 
which  it  was  very  soluble.  On  the  evaporation  of  the  aether, 
it  was  deposited  in  large  flat  shining  crystals,  which  had  a  very 
faint  smell,  not  at  all  (lisagreeable,  and  somewhat  resembling 
that  of  the  solid  chloride  of  carbon,  though  not  so  strong. 
When  sublimed,  it  formed  flat  four-sided  prisms,  which  were 
iridescent  like  the  crystals  of  chlorate  of  potash.    Its  melting- 
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point  was  very  high,  being  87°  C.  It  was  kept  melted  for 
some  lime  to  drive  off  any  adhering  aether,  then  dried  under 
the  air-pump  and  subjected  to  analysis. 

I.  0'316  grm.  gave  0*7658  carbonic  acid  and  O'll-i  water. 

II.  0'321  gave  0*7755  carbonic  acid  and  0'1116  water. 

III.  0-3805  gave  0-9183  carbonic  acid  and  0-1408  water. 

IV.  0-2122  gave  0-1380  chloride  of  silver  =  16-04  chlorine. 

V.  0-2505  gave  0-1675  chloride  of  silver  =  1649  chlorine. 

VI.  0-177  gave  0-1155  =  1609  chlorine. 


I. 

ir. 

III. 

Carbon    . 

66-09 

65-88 

65-87 

Hydrogen 

4-00 

3-86 

4-11 

Chlorine  . 

16-20 

16-20 

16-20 

Oxygen  . 

13-71 

14-06 

13-82 

100-00 

100-00 

100-00 

The  substance  employed  for  these  analyses  was  prepared 
at  three  different  times.  I  am  sorry  to  say,  however,  that  I 
have  been  unable  to  deduce  any  probable  formula  from  these 
analyses. 

When  this  crystalline  compound  is  heated  in  an  alcoholic 
solution  of  potash,  benzoate  of  potash,  chloride  of  potassium 
with  a  little  benzoic  aether  are  immediately  formed,  the  colour 
of  the  solution  becoming  at  the  same  time  of  an  inky  blackness. 
When  this  alkaline  solution  is  treated  with  an  excess  of  mu- 
riatic acid,  the  benzoic  acid  precipitates  on  the  cooling  of  the 
liquid.  The  benzoic  acid  is  mixed  with  a  good  deal  of  a  dark- 
coloured  tenacious  semifluid  resin,  which  has  a  strong  empy- 
reumatic  smell,  exactly  similar  to  that  of  creosote;  so  that 
chloride  of  potassium  and  benzoic  acid  are  not  the  only  pro- 
ducts of  this  decomposition.  The  benzoic  acid  was  purified 
by  repeated  crystallizations  and  subjected  to  analysis. 

0*1572  grm.  gave  0*3986  carbonic  acid  and  00734  water. 
Found.  Calculated. 

Carbon   .     69-15  68-85 

Hydrogen     5-19  4-92 

Oxygen  .     25*66  26-23 

100-00  100-00 

The  li(juid  chlorine  compound  already  mentioned  can  rea- 
dily be  dissolved  out  of  the  bibulous  papers  by  treating  them 
with  ou'thcr.  The  li(|uid  compound  however  always  retained 
a  considerable  quantity  of  the  crystals  dissolved  in  it,  just  as 
oleincdoes  margarine  or  stearinc  ni  the  fats,  so  that  I  was  (juite 
unable  to  pnrily  it.  This  is  nuich  to  be  regretted,  as  it  ap- 
peared to  be  much  the  more  interesting  oi  the  two,  as  it  is  that 
which  jHibiteshes  the  very  pungent  smell  already  mentioned. 
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When  the  liquid  compound  was  treated  with  an  alcoholic  so- 
lution of  potash,  it  was  also  resolved  into  benzoate  of  potash, 
chloride  of  potassium,  and  a  similar  resinous  matter,  the  quan- 
tity of  which  appeared  to  be  even  greater  than  that  yielded 
by  the  solid  compound. 


Neutral  benzoate  of  lead,  formed  by  adding  a  solution  of 
benzoate  of  soda  to  acetate  of  lead,  was  also  subjected  to  de- 
structive distillation.  A  small  quantity  of  benzoic  acid  came 
over  mixed  with  a  little  of  an  aromatic  oil,  the  smell  of  which 
was  quite  different  from  that  yielded  by  benzoate  of  copper. 
I  was  unable,  however,  to  detect  the  presence  of  any  neutral 
crystalline  body. 

Glasgow,  May  12,  1845. 

III.  On  the  Aberration  of  Light.     By  G.  G.  Stokes,  M.A., 
Fellow  of  Pembroke  College,  Cambridge*. 

T^HE  general  explanation  of  the  phajnomenon  of  aberration 
■'■  is  so  simple,  and  the  coincidence  of  the  value  of  the  ve- 
locity of  light  thence  deduced  with  that  derived  from  obser- 
vations of  eclipses  of  Jupiter's  satellites  so  remarkable,  as  to 
leave  no  doubt  on  the  mind  as  to  the  truth  of  that  explana- 
tion. But  when  we  examine  the  cause  of  the  phaenomenon 
more  closely,  it  is  far  from  being  so  simple  as  it  appears  at 
first  sight.  On  the  theory  of  emissions,  indeed,  there  is  little 
difficulty ;  and  it  would  seem  that  the  more  particular  expla- 
nation of  the  cause  of  aberration  usually  given,  which  depends 
on  the  consideration  of  the  motion  of  a  telescope  as  light  passes 
from  its  object-glass  to  its  cross  wires,  has  reference  espe- 
cially to  this  theory;  for  it  does  not  apply  to  the  theory  of  un- 
dulations, unless  we  make  the  rather  startling  hypothesis,  that 
the  luminiftrous  aether  passes  freely  through  the  sides  of  the 
telescope  and  through  the  earth  itself.  The  undulatory  theory 
of  light,  however,  explains  so  simply  and  so  beautifully  the 
most  complicated  phaenomena,  that  we  are  naturally  led  to 
rega.  1  aberration  as  a  phaenomenon  unexplained  by  it,  but 
not  incompatible  with  it. 

The  object  of  the  present  communication  is  to  attempt  an 
explanation  of  the  cause  of  aberration  which  shall  be  in  ac- 
cordance with  the  theory  of  undulations.  I  shall  suppose  that 
the  earth  and  planets  carry  a  portion  of  the  aether  along  with 
them  so  that  the  aether  close  to  their  surfaces  is  at  rest  rela- 
tively iO  those  surfaces,  while  its  velocity  alters  as  we  recede 
*  Communicated  by  the  Author. 
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from  the  surface,  till,  at  no  great  distance,  it  is  at  rest  in  space. 
According  to  the  undulatory  theory,  the  direction  in  which  a 
heavenly  body  is  seen  is  normal  to  the  fronts  of  the  waves 
which  have  emanated  from  it,  and  which  have  reached  the 
neighbourhood  of  the  observer,  the  aether  near  him  being  sup- 
posed to  be  at  rest  relatively  to  him.  If  the  aether  in  space 
were  at  rest,  the  front  of  a  wave  of  light  at  any  instant  being 
given,  its  front  at  any  future  time  could  be  found  by  the  method 
explained  in  Airy's  Tracts.  If  the  aether  were  in  motion,  and 
the  velocity  of  propagation  of  light  were  infinitely  small,  the 
wave's  front  would  be  displaced  as  a  surface  of  particles  of  the 
aether.  Neither  of  these  suppositions  is  however  true,  for  the 
aether  moves  while  light  is  propagated  through  it.  In  the  fol- 
lowing investigation  I  suppose  that  the  displacements  of  a 
wave's  front  in  an  elementary  portion  of  time  due  to  the  two 
causes  just  considered  take  place  independently. 

Let  u,  r,  M  be  the  resolved  parts  along  the  rectangular  axes 
of  cT,  y,  z,  of  the  velocity  of  the  particle  of  jether  whose  co- 
ordinates are  x,  3/,  z,  and  let  V  be  the  velocity  of  light  sup- 
posing the  aether  at  rest.  In  consequence  of  the  distance  of 
the  heavenly  bodies,  it  will  be  quite  unnecessary  to  consider 
any  waves  but  those  which  are  jilane,  except  in  so  far  as  they 
are  distorted  by  the  motion  of  the  oether.  Let  the  axis  of  z 
be  taken  in,  or  nearly  in  the  direction  of  propagation  of  the 
wave  considered,  so  that  the  equation  to  the  wave's  front  at 
any  time  will  be 

s  =  C  +  V/  +  ?, (L) 

C  being  a  constant,  /  the  time,  and  ^  a  small  quantity,  a  func- 
tion of  a:,  y  and  /.  Since  «,  t;,  w  and  ^  are  of  the  order  of 
the  aberration,  their  squares  and  proilucts  may  be  neglected. 

Denoting  by  «,  /3,  7  the  angles  which  the  normal  to  the 
wave's  front  at  the  point  (^',  j/,  ~)  makes  with  the  axes,  we  have, 
to  the  first  order  of  approximation, 
]  y  /  V 

*^°'"=-^'     '"'''^='--1^^     cos7=l;.     .     (2.) 

and  if  we  lake  a  length  \  <lt  along  this  normal,  the  co-ordi- 
imteK  of  its  extremity  will  be 

If  the  a>thcr  were  at  rcut,  tho  Iocuk  of  these  extremities  would 
be  the  wave's  front  at  the  time  /  -\-  d t^  but  hince  it  is  in  mo- 
tion, the  co-ordinates  oi  those  extremities  must  be  further  in- 
creaved  by  udt^  vdt,  ludt.  Denoting  then  by  ^,  y,  2'  the 
co-ordinutus  of  iliu  point  of  the  wave's  front  at  tlie  time  t  -j-  dt, 
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which  corresponds  to  the  point  {x,  y,  %)  in  its  front  at  the  time 
t,  we  have 

z'  =  z  +  {w  +  V)dt\ 

and  eliminating  x,  y  and  z  from  these  equations  and  (1.),  and 
denoting  ^  hyf{x,y,  i),  we  have  for  the  equation  to  the  wave's 
front  at  the  time  t  +  dt, 

z'  -{w  +  \)dt=^C  +  yt 

or,  expanding,  neglecting  dt'^  and  the  square  of  the  aberra- 
tion, and  suppressing  the  accents  of  x^  y  and  a, 

z  =  C  +  Yt  +  ^  +  {'w-\-\)dt.    .     .     .     (3.) 

But  from  the  definition  of  ^  it  follows  that  the  equation  to  the 
wave's  front  at  the  time  t  +  dt  will  be  got  from  (1.)  by  put- 
ting t  +  dt  for  /,  and  we  have  therefore  for  this  equation, 

z  =  C  +  Yt  +  i;-{-(Y  +  P^dt.     .     .     ,     (4.) 
Comparing  the  identical  equations  (3.)  and  (4.),  we  have 

d  t 
This  equation  gives  ^=   /  wdt:  but  in  the  small  term  ^ 

we  may  replace /wr/^  ^y  V    I "^^Z',  this  comes  to  taking 

the  approximate  value  of  z  given  by  the  equation  2;  =  C  +  V^, 
instead  of  ^,  lor  the  parameter  of  the  system  of  surfaces  formed 
by  the  wave's  front  in  its  successive  positions.  Hence  equa- 
tion (1.)  becomes 


C  +  Vt-^-^J'^^dz. 


TT  1     /*dw  ,  -        TT  1      /^dw  J  ,    , 


Combining  the  value  of  ^  just  found  with  equations  (2.),  we 
get,  to  a  first  approximation, 

'/iw  ,         „       It         1     pd'do 

dy 

equations  which  might  very  easily  be  proved  directly  in  a  more 
geometrical  manner. 

If  random  values  are  assigned  to  w,  v  and  w,  the  law  of  aber- 
ration resulting  from  these  equations  will  be  a  complicated 
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one;  but  if?/,  v  and  ix)  are  such  that  u  d  x  -{-v  d  y  -\-  txi  d  z  U  an 
exact  differential,  we  have 

diio  _  du  dw  _  dv ^ 

d x~  dz*  dy''  dz* 

whence,  denoting  by  the  suffixes  1,  2  the  values  of  the  varia- 
bles belonging  to  the  first  and  second  limits  respectively,  we 
obtain 

«2  -  «1  =  ^V~  '       ^^2  -  /3,   =  ^y-'.         .        .        (6.) 

If  the  motion  of  the  aether  be  such  that  ud  x  +  vdy  +  wdz 
is  an  exact  differential  for  one  system  of  rectangular  axes,  it 
is  easy  to  prove,  by  the  transformation  of  co-ordinates,  that  it 
is  an  exact  differential  for  any  other  system.  Hence  the  for- 
mulae (6.)  will  hold  good,  not  merely  for  light  propagated  in 
the  direction  first  considered,  but  for  light  propagated  in  any 
direction,  the  direction  of  propagation  being  taken  in  each 
case  for  the  axis  of  ^.  If  we  assume  that  udw  +  vdi/  -\-iiod:s 
is  an  exact  differential  for  that  part  of  the  motion  of  the  aether 
which  is  due  to  the  motions  of  translation  of  the  earth  and 
planets,  it  does  not  therefore  follow  that  the  same  is  true  for 
that  part  which  depends  on  their  motions  of  rotation.  More- 
over, the  diurnal  aberration  is  too  small  to  be  detected  by  ob- 
servation, or  at  least  to  be  measured  with  any  accuracy,  and  I 
shall  therefore  neglect  it. 

It  is  not  difficult  to  show  that  the  formulae  (6.)  lead  to  the 
known  law  of  aberration.  In  applying  them  to  the  case  of  a 
star,  if  we  begin  the  integrations  in  equations  (5.)  at  a  point 
situated  at  such  a  distance  from  the  earth  that  the  motion  of 
the  aether,  and  consequently  the  resulting  change  in  the  di- 
rection of  the  light,  is  insensible,  we  shall  have  7/,=0,  t;,  =  0; 
and  if,  moreover,  we  take  the  plane  .vz  to  pass  through  the 
direction  of  the  earth's  motion,  we  shall  have 
v^  =  0,     /32-/3,  =  0, 

and  «g-«,  =  ^; 

that  is,  the  star  will  appear  to  be  displaced  towards  the  direc- 
tion in  which  the  eartli  is  moving,  through  an  angle  e(|ual  to 
the  ratio  of  liie  velocity  of  the  earth  to  that  of  light,  muhij)licd 
by  the  sine  of  the  angle  between  the  direction  of  the  earth's 
motion  and  the  line  joining  the  earth  and  the  star. 

In  considering  the  effect  of  aberration  on  a  planet,  it  will 
be  convenient  to  divide  the  integrations  in  equation  (.0.)  into 
three  pnrtM,  first  integrating  from  the  point  considered  on  the 
furfoce  of  the  planet  to  a  distance  at  which  the  motion  of  the 
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aether  may  be  neglected,  then  to  a  point  near  the  earth  where 
we  may  still  neglect  the  motion  of  the  aether,  and  lastly  to  the 
point  of  the  earth's  surface  at  which  the  planet  is  viewed. 
For  the  first  part  we  shall  have  u^  =  0,  v^  =  0,  and  w„  v,  will 
be  the  resolved  parts  of  the  planet's  velocity.    The  increments 

of  a  and  /3  for  the  first  interval  will  be,  therefore,  —  t^j  ~  y- 

For  the  second  interval  «  and  j3  will  remain  constant,  while 

for  the  third  their  increments  will  be  vl,  ^,  just  as  in  the  case 

of  a  star,  Uc^  and  v^  being  now  the  resolved  parts  of  the  earth's 
velocity. 

Fig.  1. 

\ 
Fig.  2. 


am  n 

L- "^    ^  e 

P 

Fig.  1  represents  what  is  conceived  to  take  place.  P  is  the 
planet  in  the  position  it  had  when  the  liglit  quitted  it;  E  the 
earth  in  the  position  it  has  when  the  light  reaches  it.  The 
lines  a  i,  c</,  &c.  represent  a  small  portion  of  a  wave  of  light 
in  its  successive  positions.  The  arrows  represent  the  direc- 
tions in  which  P  and  E  may  be  conceived  to  move.  The 
breadth  a  Z>  is  supposed  to  be  comparable  to  the  breadth  of  a 
telescope.  In  fig.  2,  pmne  represents  an  orthogonal  trajec- 
tory to  the  surfaces  ab,  cd^  &c. ;  j)  is  the  point  of  the  planet 
from  which  the  light  starts,  e  the  point  of  the  earth  which  it 
reaches.  The  trajectory  pmne  may  be  considered  a  straight 
line,  except  near  the  ends  p  and  e,  where  it  will  be  a  little 
curved,  as  from  p  to  m  and  from  e  to  n.  The  curvature  at  e 
will  have  the  same  effect  on  the  apparent  position  of  the  planet 
as  it  would  have  on  that  of  a  star  in  the  same  direction :  as  to 
the  curvature  at  />,  if  we  draw  p  q  perpendicular  to  m  n  pro- 
duced, the  curvature  will  have  the  effect  of  causing  p  to  be 
seen  as  if  it  were  at  q.  Now  the  angle  between  the  tangents 
at  jj  and  m  being  that  through  which  a  star  in  the  direction  of 
c  is  displaced  by  aberration  to  an  observer  at/?,  and  the  di- 

*  The  lines  towards  P  in  fig.  1.  should  lean  in  the  opposite  direction. 
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stance  jp  m  being  by  hypothesis  small  (two  or  three  radii  of  the 
planet  suppose),  it  follows  that  the  angle  peq  is  extremely  small, 
and  may  be  neglected.  Hence  a  planet  will  appear  to  be  dis- 
placed from  the  position  which  it  had  v/hen  the  light  left  it, 
just  as  a  star  in  the  same  direction  is  displaced.  But  besides 
this,  the  planet  has  moved  from  P  while  the  light  has  been 
travelling  to  E,  These  two  considerations  combined  lead  to 
the  formula  for  aberration,  which  is  applicable  to  the  planets, 
as  is  shown  in  treatises  on  astronomy.  The  same  reasoning 
which  applies  to  a  planet  will  apply  equally  to  the  sun,  the 
moon,  or  a  comet. 

To  give  an  idea  of  the  sort  of  magnitudes  neglected  in  neg- 
lecting/>§',  suppose  /;»^  equal  to  the  diameter  of  P,  and  sup- 
pose the  curvature  from  ;;  to  m  uniform.  Let  r  be  the  radius 
of  P,  V  its  velocity,  and  R  the  distance  P  E.  The  greatest 
possible  value  of  the  angle  between  the  tangents  at/;  and  in  is 

**♦     In  this  case  we  should  have  Lpeq—  ;r,-j,  =£  ^D,  D 

being  the  semidiameter  of  P  as  seen  from  E.  Hence  the  an- 
gle/; cry  must  be  very  much  greater  for  the  moon  than  for 
any  other  body  of  the  solar  system ;  lor  in  the  case  of  the 
planets  the  value  of  t;  is  in  no  instance  double  its  value  for  the 
earth  or  moon,  while  their  discs  are  very  small  compared  with 
that  of  the  moon  ;  and  in  the  case  of  the  sun,  although  its  disc 
is  about  as  large  as  that  of  the  moon,  its  velocity  round  the 
centre  of  gravity  of  the  solar  system  is  very  small.  It  would 
indeed  be  more  correct  to  suppose  the  sun's  centre  absolutely 
at  rest,  since  all  our  measurements  are  referred  to  it,  and  not 
to  the  centre  of  gravity  of  the  solar  system.     Taking  then  the 

V         20" 
case  of  the  moon,  and  supposing  ^  =  t^7tj5'''j   D  =  15',  we 

find  that  the  angle  peq  is  about  jyth  of  a  second,  an  insensi- 
ble quantity. 

If  we  suppose  the  whole  solar  system  to  be  moving  in  space 
with  a  velocity  comparable  with  that  of  the  earth  round  the 
sun,  it  follows  from  the  linearity  of  the  ecjuations  emj)loyed, 
that  we  may  consider  this  motion  separately.  It  is  easy  to 
show,  that  us  far  us  regards  this  motion,  the  sun,  moon,  and 
planets  will  come  into  the  positions  in  which  they  are  seen 
jtist  at  the  instant  that  the  light  from  thcni  reaches  the  earth. 
With  respect  to  the  stars  also,  that  part  of  the  aberration 
which  varies  with  the  time  of  year,  the  only  part  which  can  be 
observed,  will  not  be  aflected.  If  we  suppose  the  irther  which 
fills  the  portion  of  space  occupied  by  the  solar  system  to  be 
moving  in  u  current,  with  n  velocity  comparable  with  that  of 
the  earth  in  its  orbit,  the  result  will  still  be  the  same.     Tor  if 


«     <; 
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we  suppose  a  velocity  equal  and  opposite  to  that  of  the  aether 
to  be  impressed,  both  on  the  aether  and  on  the  bodies  of  the 
solar  system,  the  case  is  reduced  to  that  of  the  solar  system 
moving  through  the  aether  supposed  to  be  at  rest. 


IV.  On  the  Structure  of  Electro-precipitated  Metals. 
By  Warren  De  la  Rue,  £55-.* 

'"P'HE  following  observations,  being  the  result  of  an  exten- 
^  sive  series  of  experiments  on  the  practical  application  of  the 
processes  of  electro-metallurgy,  will,  I  am  induced  to  believe, 
be  acceptable  to  the  Chemical  Society. 

The  various  appearances  of  the  metallic  deposit  are  fami- 
liar to  all  manipulators  in  electro-metallurgy,  and  are  distin- 
guished by  the  names  crystalline,  lesser  crystalline,  malleable, 
sandy  and  spongy  ;  the  latter  being  produced  by  an  excess  of 
power  in  the  battery,  the  first  by  too  small  a  power  in  rela- 
tion to  the  strength  of  the  solution  operated  on.  All  these 
deposits  are  however  merely  modifications  of  each  other,  they 
are  essentially  crystalline,  and  even  the  malleable,  or  in  other 
words  the  most  cohesive,  is  very  inferior  in  strength  to  metals 
wrought  by  the  processes  in  ordinary  use. 

The  malleable  is  that  deposit  usually  required  ;  yet,  even 
with  all  the  art  of  a  practised  electro  metallurgist,  it  is  diffi- 
cult for  a  lengthened  period  to  obtain  it,  inasmuch  as  the 
power  of  the  battery,  the  temperature  of  the  air,  and  conse- 
quently the  conducting  power  of  the  fluids  composing  the 
circuit  are  constantly  changing  their  relation  to  the  strength 
of  the  electrolyte  to  be  decomposed.  There  are  other  causes 
presently  to  be  considered  which  also  play  an  important  part 
in  producing  these  difficulties,  and  which  we  shall  better 
understand  by  considering  what  effect  the  form  of  the  matrix 
and  the  nature  of  its  original  surface  have  on  the  resulting 
precipitate. 

It  is  well  known  to  persons  conversant  with  the  precipita- 
tion of  metals  from  their  respective  solutions  by  means  of 
voltaic  electricity,  that  these  solutions  become  exhausted  of 
the  metal  at  the  cathode  to  such  an  extent,  that  if  we  place 
the  cathode  on  the  surface  of  the  liquid  all  action  after  a  short 
time  ceases  :  the  exhausted  liquid  being  specifically  lighter,  no 
mechanical  transfer  of  fresh  liquid  takes  place f,  and  conse- 

*  Communicated  bv  tlie  Chemical  Society;  having  been  read  February 
17,  1845. 

I  Professor  Daniell  and  Dr.  Miller,  in  a  paper  on  the  electrolysis  of  se- 
condary compounds,  have  entered  into  the  investigation  of  these  phaeno- 
mena. 
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quently  the  process  is  stopped.     This  exhaustion  of  the  elec- 
trolyte is  the  primary  cause  of  the  difficulties  of  the  process. 

If,  for  example,  an  attempt  be  made  to  produce  a  solid 
medal  by  depositing  between  the  respective  matrixes  of  the  ob- 
verse and  reverse,  the  attempt  would  undoubtedly  fail ;  the 
opposite  and  approaching  deposits  never  join  and  form  one 
solid  piece.  The  cause  of  this  is  sufficiently  obvious,  and  can 
be  easily  traced  to  the  exhaustion  of  the  electrolyte ;  for  as 
the  opposite  deposits  approach  they  render  the  cavity  smaller 
and  smaller,  and  at  last  it  becomes  so  reduced  that  its  ca- 
pillarity interferes  with  the  renewal  of  the  liquid,  and  eventu- 
ally the  action  ceases,  a  cavity  containing  the  exhausted  liquid 
remains,  and  no  true  juncture  takes  place. 

The  following  experiment  proves,  in  a  striking  manner,  that 
the  preceding  is  not  merely  a  conjectural  case.  I  prepared  a 
matrix  by  cutting  angular  lines  about  one-twentieth  of  an  inch 
deep  in  a  metallic  plate,  the  angle  of  the  opening  being  about 
35  degrees.  On  this  was  deposited  copper  to  about  the  eighth 
of  an  inch  in  thickness  ;  the  deposit  was  what  would  be  termed 
exceedingly  good,  and,  to  a  practised  eye,  uniform,  there  being 
but  a  sliglit  indication  of  the  original  lines  at  the  back  of 
the  cast;  yet  the  copper  could  be  broken  with  great  facility 
through  the  centre  of  each  line,  in  a  plane  bisecting  the  angle, 
presenting  to  the  eye  a  very  smooth  and  uniform  fracture,  and 
giving  the  idea  of  its  having  been  rather  purposely  cut  through 
than  broken  at  random.  Here  we  have  an  example  of  the 
interstitial  space  being  not  only  left  between  the  walls  of  the 
original  groove,  but  existing  through  the  additional  eighth  of 
an  inch  of  deposited  metal,  from  the  obvious  cause  of  the  in- 
capability of  the  included  liquid  acting  the  part  of  a  cathode. 
Plate  I.  fig.  1  is  a  diagram  of  the  section  through  the  matrix 
and  deposited  copper ;  A  being  the  matrix,  B  the  deposited 
metal. 

A  matrix  from  a  wood  engraving  presents  a  good  example 
of  the  effect  which  the  form  of  the  mould  has  on  the  resulting 
deposited  counterpart :  in  it  we  have  a  vast  assemblage  of 
minute  grooves,  the  reverse  of  the  lines  in  the  engraving ; 
theoe  grooves  are  never  perfectly  filled,  from  the  cause  before 
stated,  and  the  deposit  is  conse(|uently  cut  up  into  an  assem- 
blage of  minute  pieces,  joined  appnrcntlij  thoti'^iji  not  in  rcalilt/^ 
ana  nicely  held  together  by  the  intricacy  of  their  interlacings. 
Tlie  sky,  from  its  consisting  of  a  number  of  straight  lines  in 
the  ctigraving,  is  especially  tender  and  troublesome  lo  obtain 
perfect.  Though  I  have  chosen  the  copy  of  a  wood  engra- 
ving as  an  exam|)le,  from  its  prescnling  an  extreme  case  of 
(lifiicully,  yet  the  same  ellect  is  produced  under  other  circum- 
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stances ;  for  instance,  in  the  silver  coating  of  a  cylindrical 
vessel  having  a  flat  bottom  ;  in  it  there  will  infallibly  exist  a 
fissure  at  the  angle  formed  by  the  cylinder  and  the  bottom. 
Hence  we  see  the  necessity  of  rounding  off'  as  much  as  pos- 
sible all  angles  where  we  intend  to  deposit  metals  with  the  aid 
of  electricity. 

The  surface  of  the  mould  must  consequently  have  an  obvi- 
ous effect  on  the  deposit,  inasmuch  as  no  surtace  can  be  per- 
fect in  its  polish ;  hence  it  must  necessarily  follow  that  the 
more  gradual  the  undulations  and  depressions  are,  the  more 
cohesive  will  be  the  deposit;  a  wax  matrix  is  perhaps  one  of 
the  best  substances  to  deposit  on,  and  a  polytype  matrix,  ob- 
tained by  pressing  a  woodcut  into  a  melted  metallic  alloy  when 
near  its  point  of  solidification,  one  of  the  worst,  for  we  have 
on  it  a  copy  of  all  the  pores  of  the  wood ;  besides,  the  alloy 
being  crystalline,  its  surface  is,  when  microscopically  exa- 
mined, exceedingly  rough.  All  abrupt  deviations  from  the 
original  plane,  though  small,  have  an  injurious  effect  on  the 
resulting  deposit,  and  this  increases  with  the  depth;  but  deep 
or  shallow,  the  result  is  the  same,  and  differs  only  in  amount. 

I  have  stated  that  all  electro- metallic  deposits  are  essentially 
crystalline  in  their  structure;  this  is  readily  proved  by  sub- 
mitting them  to  the  test  of  microscopic  investigation,  and 
however  carefully  they  be  prepared,  we  shall  perceive  that 
they  consist  of  an  assemblage  of  minute  crystals  more  or  less 
perfectly  formed.  In  Plate  I.  fig.  5  is  represented  a  portion 
of  a  beautiful  deposit  on  a  polished  piece  of  metal  after  five  mi- 
nutes' action,  the  magnifying  power  employed  being  300  times. 
In  it  the  crystalline  structure  is  rendered  apparent,  and  we  see 
moreover,  here  and  there,  groups  of  crystals  starting  up  per- 
pendicularly from  the  surface  to  a  considerable  height.  Such 
being  the  character  of  the  first  layers,  the  crystals,  as  in  the 
crystallization  of  a  salt  from  its  solution,  increase  in  size,  and 
could  we  even  obtain  a  perfect  surface  to  commence  on,  we 
must  have,  from  the  very  nature  of  the  process,  the  production 
of  inequalities,  to  which  the  shooting  of  these  crystals  above 
the  general  surface  mainly  contributes;  these  irregularities,  as 
before  explained,  can  never  perfectly  be  filled  up,  and  a  po- 
rous structure  must  result;  add  to  this,  that  the  crystallization 
likewise  spreads  laterally  from  the  summit  of  one  group  of 
crystals  to  that  of  those  in  the  neighbourhood,  and  it  will  be 
readily  perceived  that  spaces  are  here  and  there  enclosed, 
which  can  only  become  filled  to  the  extent  that  the  included 
liquid  is  capable  of  yielding  metal.  Hence  the  microscope 
reveals  a  structure  such  as  I  have  delineated  in  fig.  2,  which 
is  a  section  of  electro-deposited  copper  magnified  100  times 
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linear;  the  section  is  a  cutting  made  with  sharp  scissors 
through  a  plate  of  about  the  fortieth  of  an  inch  in  thickness, 
having  the  character  of  the  lesser  crystalline,  and  appeared  to 
the  unassisted  eye  perfectly  polished  and  compact.  Fig.  3  is 
a  representation  of  the  back  of  the  same  specimen,  showing 
clearly  its  crystalline  structure;  this  is  likewise  magnified  100 
times.  Even  the  most  compact  specimens  present,  under  a 
sufficient  magnifying  power  (see  fig.  5),  the  same  porous  ap- 
pearance; the  pores  are  smaller,  it  is  true,  but  greater  in 
number,  and  the  character  of  the  deposit  is  the  same.  I  here 
again  repeat  that  the  electro-metallic  deposit  is  essentially 
crystalline  in  structure ;  in  fact  it  is  but  a  tissue  of  crystals 
ijiterlacing  but  not  adhering.  We  may  diminish  the  power  of 
the  battery  with  respect  to  the  quantity  of  metallic  salt  present 
in  the  electrolyte,  so  as  to  obtain,  by  these  favourable  circum- 
stances, large  and  well-formed  crystals, — we  may  go  on  in- 
creasing the  power,  and  produce  the  crystals  more  and  more 
hurriedly,  and  consequently  smaller  and  smaller  and  less  per- 
fectly formed,  but  we  ultimately  reach  a  point  in  the  quantity 
of  electricity  transmitted,  that,  if  we  increase  it,  the  electrolyte 
cannot  be  renewed  with  sufficient  rapidity  at  the  surface  of 
the  cathode,  and  we  have  larger  spaces  left  unfilled,  thus  pro- 
ducing the  sandy  tleposit.  Lastly,  we  may  increase  it  to  so 
great  an  extent  that  the  metal  assumes  the  form  of  the  spongy 
deposit;  but  still  all  are  crystalline. 

The  ridges  or  lines  which  are  frequently  seen  at  the  back 
of  electro-casts,  placed  vertically  in  the  trough,  more  especially 
in  those  where  there  are  sharp  angles  jutting  out  from  the 
matrix,'are  produced  by  tliese  points  impeding  the  upward 
flow  of  partially  exhausted  licjuid,  and  causing  it  to  run  in 
little  detaciied  streams ;  where  these  exist  t/iere  the  deposit  is 
formed  less  quickly  than  in  those  parts  where  the  li()uid  is 
stronger,  consequently  we  have  a  iiollow  or  groove  produced, 
wiiich  remains  permanent.  'J\)  produce  an  interchange  of 
the  fluid  in  the  precipitating  troughs,  a  constant  strenm  of 
fresh  li(juid  was  caused  to  riui  in  at  the  bottom  whilst  the 
weak  fluid  overflowed  at  the  top:  the  resulting  current  in 
meeting  the  upward  flow  of  the  fluiil  at  the  surface  of  the  elec- 
tro-cast produced  a  series  of  vortices,  and  changed  the  vertical 
ridges  into  a  series  of  curiously-curved  lines,  which  were 
e(jually  objectionable;  hence  this  scheme  had  to  be  rejected. 

Fig.  4  is  a  nuignifii'd  re|)resentalion  of  a  curious  electro- 
depohit  of  silver,  kindly  furnished  me  by  Mr.  Napier,  who  has 
named  it  "silver  sponge,"  from  its  resemblance  to  that  sub- 
Ktance.  Under  the  microscope  it  is  a  most  splendid  arborescent 
liMtivinbhigu  of  crystals,  and  presents  us  with  an  extreme  case 
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of  ci'ystallization  in  electro-metallic  deposits.    The  drawing  is 
made  200  times  the  natural  size. 

To  return  to  an  electro-copy  of  a  wood  engraving:  it  is  found 
by  examination  under  the  microscope,  and  would  be  antici- 
pated from  the  preceding  remarks,  that  each  line  has  a  space 
in  its  centre  ;  they  are  in  fact  exceedingly  hollow,  and  present 
much  the  appearance  of  the  hollow  crystallized  cakes  of  sugar 
made  by  confectioners,  and  hence  we  see  the  advantage  of 
thoroughly  tinning  it  at  the  back  as  soon  as  we  have  removed 
the  cast  from  its  matrix;  the  tin  insinuates  itself  into  a  great 
number  of  the  pores  and  binds  the  whole  firmly  together. 
With  the  help  of  a  little  chloride  of  zinc  the  tinning  is  effected 
very  readily,  and  should  be  done  without  disturbing  the  struc- 
ture by  filing. 

There  is  one  phaenqmenon,  connected  with  the  employment 
of  electro-casts,  exceedingly  curious — it  is  their  uselessness 
for  printing  with  vermilion  ink  (sulphuret  of  mercury),  which 
is  not  the  case  with  respect  to  ordinary  engraved  copper 
blocks.  When  an  electro-cast  is  inked  over  with  vermilion 
printing  ink,  and  a  few  impressions  have  been  taken,  the 
vermilion  is  l)lackened,  and  as  the  process  is  continued  the 
copper  begins  to  get  white,  and  at  last  so  much  mercury  is 
precipitated  on  the  surface  as  to  prevent  the  adherence  of 
the  ink.  1  am  inclined  to  think  that  the  porous  and  divided 
nature  of  the  electro-cast  is  the  sole  cause  of  its  decomposing 
the  vermilion,  and  that  the  purity  of  the  copper  is  not  con- 
cerned in  it. 

In  most  of  the  preceding  remarks  I  have  alluded  to  depo- 
sits of  copper,  but  I  wish  it  to  be  understood  that  they  apply 
equally  to  gold,  silver  or  other  metals ;  and  such  being  the 
nature  of  precipitated  metals,  1  consider  that  though  the 
electro-metallurgic  processes  are  a  valuable  addition  to  the 
arts,  there  are  uses  to  which  they  should  not  be  applied;  as, 
for  example,  the  coating  of  one  metal  with  another  when  it  is 
intended  to  protect  the  covered  metal  from  the  action  of  cer- 
tain fluids,  at  all  events  wihout  the  precaution  in  all  possible 
cases  of  subse(juently  partially  fusing  the  coating  metal. 

The  production  of  ornamental  pieces  of  plate,  and  the  sil- 
vering or  gilding  of  such  objects  as  are  not  subject  to  much 
friction,  is  not  open  to  the  same  objections.  Platinum  and 
palladium  also,  if  ever  obtained  by  the  electro-metallurgic 
process  in  plates  or  other  forms,  should  subsequently  be  sub- 
jected to  the  process  of  welding  and  htimmering.  It  has  been 
proposed  to  copper  the  bottoms  of  ships  by  this  process  ;  apart 
from  the  great  difficulty  of  effecting  this  on  a  large  scale,  the 
copper  in  my  opinion  would  be  far  too  friable  for  such  a  use. 

C2 
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Copper  duplicates  of  steel  or  copper  engravings,  it  is  well 
known,  are  not  nearly  so  durable  as  the  original  plates,  yet 
in  some  cases  they  may  be  advantageously  employed, — not 
however  where  very  large  numbers  are  likely  to  be  required, 
as,  for  example,  in  the  priming  of  bank  notes.  I  was  once 
consulted  as  to  the  practicability  of  coating  the  interior  of  the 
air-pumps  and  the  valve  facings  of  large  marine  engines  by  the 
electro-metallurgic  process,  and  I  include  this  as  one  of  the 
improper  applications  of  the  art.  In  conclusion,  I  again  re- 
peat, that  the  processes  of  electro-metallurgy  are  a  valuable 
acquisition  to  the  arts,  yet  it  is  necessary  to  bear  in  mind  its 
defects,  in  order  that  we  may  not  apply  it  to  purposes  for 
which  it  is  unfitted. 


V.  On  the  true  Composition  of  Chlorindatmit. 
By  August  Wilhklm  Hofmann,  Ph.D.^ 

IN  a  preceding  memoir  on  the  Metamorphoses  of  Indigo, 
1  have  described  under  the  name  of  trichloraniline  a  body 
which  may  be  regarded  as  aniline,  in  which  three  equivalents 
of  hydrogen  are  replaced  by  an  equal  number  of  chlorine: 
Aniline     .     .     .     =C,2H7N 

Trichloraniline.     =C,2/^'*\n. 

I  had  already,  a  year  and  a  half  ago,  observetl  the  forma- 
tion of  this  body  by  the  action  of  chlorine  on  anilinef,  but  at 
that  time  the  quantity  obtained  was  so  small  that  I  was 
obliged  to  content  myself  with  a  conjectural  opinion  of  its  con- 
stitution. More  lately  I  found  that  the  same  substance  was 
produced  by  the  treatment  of  chloraniline  with  chlorine.  Even 
by  the  last-mentioned  way  the  quantity  obtained  was  but 
small.  With  all  my  efforts  I  could  not  obtain  more  than 
was  just  sufficient  for  one  combustion,  which  unfortunately 
gave  somewhat  too  much  carbon  J.  Although  myself  tho- 
roughly convinced  of  the  exactness  of  the  given  formula, — • 
the  method  of  formation  of  this  body,  the  complete  ana- 
logy with  tribromaniline  and  chlorodibromanilinc,  indepen- 
dently of  the  analysis  ailduced,  being  sufficient  evidences, — I 
thought  it  however  desirable  to  place  the  composition  of  tri- 
chloraniline beyond  every  doubt  by  the  production  of  better 
numbers. 

At  firbt  I  thought  of  obtaining  these  numbers  by  n  rcpeti- 

•  Communicntcd  hy  the  Chcniiciil  Society;  having  been  rend  February 
17, 1846. 

♦  Liebis't  Ann.  vol.  xlvii.  p.  68,  niul  Phil.  Mng.  S.  3.  vol.  xxvi.  |).  109. 
X  Bte  tJie  preceding  Memoir. 
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tion  of  the  preparation  and  analysis,  until  I  found  the  object 
could  be  attained  by  a  much  more  convenient  way. 

For  this  purpose  I  must  here  mention  some  results  ob- 
tained by  Erdmann  in  his  excellent  investigation  on  indigo. 

If  indigo  suspended  in  water  be  treated  with  chlorine,  it  is 
transformed,  as  is  known,  into  a  reddish  yellow  mass,  which 
is  a  mixture  of  different  substances.  On  submitting  this  to 
distillation  with  water,  chlorisatine  and  dichlorisatine  remain 
in  the  retort,  whilst  another  body  volatilizes  with  the  watery 
vapour,  which  according  to  Erdmann  contained  no  nitrogen. 
He  called  this  substance  chlorindoptene*,  and  gave  for  it  the 
following  formula : 

^32  ^8  ^^8  ^4* 

By  later  experiments  Erdmann  found  however  that  on  di- 
stilling chlorindoptene  with  potash  or  carbonate  of  potash  it  is 
decomposed  into  a  neutral  body  which  passes  over,  and  an  acid 
which  remains  in  the  retort  united  to  the  potash.  The  latter 
is  chlorindoptenic  acid  (chlorophenisic  acid  of  Laurent);  the 
former  Erdmann  called  chlorindatmit,  and  gave  it  the  for- 
mula C,2  H4  CI3  O2. 

Whence  comes  this  body  ?  In  what  relation  does  it  stand  to 
the  other  members  of  the  indigo  or  phenyle  series?  Among 
the  many  derivatives  of  indigo  made  known  to  us  by  the  inves- 
tigations of  Erdmann  and  Laurent  it  stands  quite  isolated. 

On  comparing  the  properties  which  Erdmann  described  as 
belonHinjj  to  chlorindatmit  with  those  I  had  observed  in  tri- 
chloraniline,  it  appeared  to  me  in  the  highest  degree  proba- 
ble that  these  bodies  were  identical.  The  properties  of  both 
bodies  correspond  exactly,  and  the  method  of  formation  is 
extremely  alike.  The  production  of  trichloraniline,  as  well 
as  that  of  chlorindatmit,  is  accompanied  by  the  formation  of 
chlorindoptenic  acid.  Erdmann  had  determined  the  carbon, 
hydrogen  and  chlorine  in  chlorindatmit.  His  numbers  cor- 
respond completely  with  the  composition  of  trichloraniline. 
For  comparison  I  placed  together  the  theoretical  numbers  of 
this  body  and  the  analytical  results  of  Erdmann. 


Chlorindatmit. 

Tiiciiloraniline. 

Carbon     .     .  =36"42t 

Carbon     .     .  =36*66 

Hydrogen     .  =   2-23 

Hydrogen     .  =   2*03 

Chlorine  .     .  =53-58 

Chlorine  .     .  =54-09 

Loss    .     .     .  =   7-79 

Nitrogen  .     .  =   7-22 

100-00  100-00 

*  Journ.fur  Prakt.  Chem.,yo\.  xix.  p.  334. 
t  The  equivalent  of  carbon  is  here  taken  as  75. 
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Erdmann  did  not  look  for  nitrogen  in  chlorindatmit  as  he 
had  found  none  in  chlorindoptene.  Did  chlorindoptene  consist 
of  equal  equivalents  of  chlorindoptenic  acid  and  chlorindatmit, 
such  a  compound  (assuming  chlorindatmit  to  be  an  azotized 
body)  would  contain  3'61  per  cent,  nitrogen,  a  quantity  which 
could  not  have  been  overlooked.  It  is,  however,  not  com- 
posed of  a  like  quantity  of  each  element,  but  the  chlorindop- 
tenic acid  predominates  very  much,  so  that  the  amount  of 
nitrogen  is  much  reduced,  and  may  be  easily  overlooked.  On 
the  other  hand,  the  proportion  of  carbon  and  hydrogen  cannot 
essentially  alter,  as  chlorindoptenic  acid  and  chlorindatmit 
contain  nearly  equal  quantities. 

To  determine  this  question  by  experiment,  I  treated  with 
chlorine,  according  to  Erdmann's  method,  a  quarter  of  a 
pound  of  reduced  and  again  oxidized  indigo  suspended  in 
water.  Although  the  operation  was  conducted  in  sunshine, 
yet  it  was  only  after  three  or  four  days  that  the  indigo  was 
converted  into  the  brownish-yellow  body.  The  whole  mass, 
together  with  the  fluid,  was  poured  into  a  retort  and  distilled 
over  an  open  fire.  In  the  receiver  a  yellow  crystalline  sub- 
stance condensed  and  swam  on  the  surface  of  the  water,  which 
had  also  passed  over  and  contained  hydrochloric  acid.  The 
distilled  product  was  saturated  with  potash  ley,  which  com- 
municates a  dark  colour  to  the  fluid  from  the  solution  of  a 
portion  of  the  crystals,  and  the  whole  was  again  submitted  to 
distillation.  By  gently  warming  the  retort,  a  vapour  was 
evolved  which  condensed  in  the  neck  in  the  form  of  fine  white 
crystals  like  hairs,  about  an  inch  long,  which,  on  bringing 
the  fluid  to  the  boiling-point,  |)assed  over  with  the  watery 
vapours  as  an  oil  and  again  crystallized  in  the  receiver.  The 
crystals  were  separated  by  filtration  and  dried.  The  investi- 
gation was  confined  to  the  single  question,  whether  chlorin-. 
datmit  so  prepared  contained  nitrogen  or  not? 

On  passing  the  vapour  of  chlorindatmit  over  fused  potas- 
sium a  large  quantity  of  cyanide  of  potassium  was  formed, 
which  evolved  freely  hydrocyanic  aci(l  on  the  addition  of  an 
acid.  A  mixture  of  a  proto-  and  pcrsalt  of  iron  produced  a 
gray-brown  precipitate,  which  assumed  the  pure  colour  of 
Uerlin  blue  by  the  acldition  of  a  little  hydrochloric  acid. 
Further,  on  healing  with  the  soda-lime  mixture  a  <junntity  of 
ammonia  was  given  ofl'.  Chlorindatmit  therefore  contains 
nitrogen. 

From  the  preceding  facts  several  conclusions  may  be 
drawn. 

1st.  The  body  produced  by  the  action  of  chlorine  on  ani- 
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line  and  chloraniline  has  in  reality  the  following  composition: 

2nd.  The  chlorindatniit  of  Erdmann  is  nothing  but  tri- 
chloraniline. 

3rd.  The  name  chlorindoptene  merely  denotes  an  indefinite 
mixture  of  chlorindoptenic  acid  and  trichloraniline. 

The  formation  of  trichloranilitie  by  tlie  action  of  chlorine 
on  indigo  is  not  at  all  surprising.  The  transformation  of  in- 
digo into  nitropicric  and  chlorindoptenic  acids,  and  into  ani- 
line, proves  sufficiently  that  there  are  present  in  this  body  the 
conditions  necessary  for  the  production  of  all  the  members  of 
the  phenyle  series.  The  action  of  potash  and  of  chlorine  on 
indigo  is  in  this  respect  essentially  the  same.  The  only  dif- 
ference is,  that  in  the  first  instance  a  pure  product  of  oxida- 
tion is  obtained,  whilst  in  the  second  a  number  of  the  hydro- 
gen equivalents  of  this  product  is  replaced  by  a  corresponding 
number  of  the  oxidizing  agent,  viz.  chlorine.  In  the  one  case 
aniline  is  formed,  in  the  other  trichloraniline.  The  latest  in- 
vestigations of  Cahours*,  in  which  he  succeeded  in  obtaining 
salicylic  acid  by  treating  indigo  with  hydrate  of  potash,  show 
that  out  of  this  latter  substance  hydrate  of  phenyle  can  like- 
wise be  produced,  the  compound  free  from  chlorine,  which 
corresponds  to  chlorindoptenic  acid. 

In  an  analogous  manner  Erdmann  t  obtained,  by  the  action 
of  bromine  on  indigo,  bromisaline,  dibromisatine  and  bromin- 
doptene.  This  last  substance,  distilled  with  potash,  is  decom- 
posed into  bromindoptenic  acid  and  bromindatmit.  Erdmann 
did  not  analyse  bromindatmit;  but  it  is  scarcely  necessary  to 
remark  that  this  body  is  nothing  but  tribromaniline(Frltzsche's 
bromaniloid),  r  w  ^ 
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VI.  /Analyses  of  Farm-Yard  Manure,  and  of  Coal-Gas. 
By  Thomas  Richardson,  Esq-X 

THE  accompanying  analysis  of  flirm-yard  manure  is  part 
of  an  investigation  in  which  I  am  at  present  engaged, 
and  the  results  show,  rather  unexpectedly,  that  this  manure 
has  a  somewhat  similar  composition   in  different  localities. 

*  Co7n])t,  Rend, 

t  Journ.fiir  Prakt.  Chcni.,  vol.  xix.  p.  .^oS. 

X  Communicated  by  the  Chemical  Societ}? ;  having  been  read  February 
17,  1845. 
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(See  Boussingault's  Economie  Rurale.)  The  methods  of  ana- 
lysis were  those  in  general  use.  The  manure  was  an  average 
sample,  and  taken  just  previous  to  its  being  applied  to  the 
«oi]. 

Farm-  Yard  Manure. 

1.  Fresh. 

Water 64*96 

Organic  matter .     .     .     24*71 
Inorganic  salts,  &c.     .     10'33 100*00 

2.  Dried  at  212°. 

Carbon 37*40 

Hydrogen     ....       5*27 

Oxygen 25*52 

Nitrogen 1*76 

Ashes 30-05 100*00 


3.  Inorganic  Matter. 
A.  Portion  Soluble  in  Water. 


Potash      .     .  . 

Soda    .     .     .  . 

Lime  .     .     .  . 

Magnesia      .  . 

Sulphuric  acid  . 

Chlorine  .     .  . 
Silica  .... 


3*22 
2-73 
0-34 
0'26 
3*27 
3*15 
0-04- 


-13-01 


B.  Portion  partially  Soluble  in  Muriatic  Acid. 


Silica 

Phosphate  of  lime     . 
Phosphate  of  magnesia 
Phosphate  of  iron     . 
Phosphate  of  manganese 
Phosphate  of  alumina 't 
Carbonate  of  lime     . 
Carbonate  of  magnesia 

Sand 

Carbon       .... 
Alkali  and  loss    .     . 


27-01 
7*11 
2-26 
4-68 
trace 
trace 
9-34 
1-63 

30*99 
*83 
3*14- 


-  86*99 
TOO'OO 


The  following  analyses  are  of  the  coal-gas  which  is  sup- 
plied to  the  town  of  Ncwcastle-on-Tyne.  It  conlainctl  in 
100  parts,— 


I. 

II. 

10-19 

9-25 

31-35 

36-05 

28-80 

30-17 

16-28 

11-4.2 

13-35 

14-01 

a  trace 

a  trace 

0-48 

0-50 

a  trace 

a  trace 

a  trace 
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Olefiant  gas  .... 
Carburetted  hydrogen. 
Hydrogen  .... 
Carbonic  oxide       .     . 

Azote 13-35 

Carbonic  acid  .  .  . 
Atmospheric  air  .  . 
Naphtha  vapour  .  . 
Ammonia      .... 

100-35  101-40 

VII.  Cofitributiotis  to  Aclino-Chemhtry.  By  Robert  Hunt, 
Esq..^  Secretary  to  the  Royal  Corivwall  Polytechnic  Society, 
S^c.^ 

"jVTANY  of  the  changes  produced  upon  photographic  pre- 
-'-'■^  parations,  by  the  influence  of  the  solar  rays,  are  of  a 
remarkable  character,  and  few  of  them  in  the  present  state  of 
our  knowledge  can  be  satisfactorily  explained.  In  some  in- 
stances it  would  appear  that  new  properties  are  imparted  to 
bodies  by  exposure  to  sunshine;  in  others,  that  radiation  has 
the  power  of  disturbing  the  known  chemical  forces,  and  appa- 
rently establishing  a  new  order  of  affinities ;  whilst  in  all  we 
are  forced  to  recognise  the  operations  of  a  principle,  the  na- 
ture of  which  is  involved  in  the  most  perplexing  uncertainty. 
In  the  hope  of  being  enabled  to  follow  out  some  of  these  phae- 
nomena,  under  circumstances  more  favourable  for  investiga- 
tion than  those  which  offer  themselves  in  the  ordinary  method 
of  pursuing  photographic  experiments  with  the  chemical  com- 
pounds spread  upon  paper,  where  we  have  organic  matter  in- 
terfering with  the  results,  I  have  been  led  to  examine  with 
attention  the  changes  which  take  place  under  more  simple 
conditions.  It  must  be  evident  that  a  subject  so  extensive  as 
this  new  branch  of  inquiry,  embracing  all  material  elements 
and  their  combinations,  will  not  readily  admit  of  satisfactory 
generalization ;  in  this  paper,  indeed,  I  am  scarcely  able  to 
do  more  than  record  a  few  facts,  under  particular  heads,  with- 
out any  attempt  at  systematic  arrangement. 

To  prevent  any  misinterpretation  of  terms,  or  confusion 
of  ideas,  it  will  be  necessary  to  make  a  few  preliminary  re- 
marks. The  researches  of  Sir  John  Herschel  and  others 
most  distinctly  prove  that  the  Light,  Heat  and  Chemical 
Power  of  the  solar  rays  are  three  distinct  classes  of  phaeno- 

*  Communicated  by  the  Cheniical  Society;  having  been  read  March  3, 
1845. 
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mena.  It  has  indeed  been  suggested  they  may  be  distinct 
principles,  and  a  considerable  amount  of  experimental  evidence 
has  been  brought  forward  in  support  of  this  position.  With- 
out entering  into  the  argument  in  this  place,  I  desire  simply 
to  impress  strongly  the  necessity  of  considering  the  three  effects 
of  luminous  agency  and  colour,  of  calorific  action,  and  of 
what  has  been  called  photographic  influence,  as  phaenomena 
depending  upon  three  t/ii?igs  (whether  these  be  independent 
principles,  or  only  modifications  of  one  great  immaterial  ele- 
ment, not  being  here  considered),  to  which  it  is  necessary  to 
give  distinctive  appellations.  Light  and  heat  are  terms  about 
which,  in  their  familiar  acceptation,  there  can  be  no  mistake; 
but  it  is  to  be  regretted  that  some  confused  terms  have  iiad 
the  sanction  of  some  eminent  experimentalists,  leading,  as  it 
appears  to  me,  to  a  sad  complexity  of  ideas.  An  "  iiivisible 
chemical  coloration"  is  the  hypothesis  of  one  philosopher  and 
*'  invisible  light "  the  epithet  of  another,  introduced  in  me- 
moirs of  great  interest,  in  which  the  changes  produced  by  the 
dark  chemical  rays,  as  they  have  been  called,  are  sought  to 
be  explained.  In  support  of  ihis  view  it  has  been  suggested 
that  rays  of  light  may  exist  which  do  not  produce  any  excite- 
ment of  the  optic  nerves  of  man,  and  it  has  been  assumed  that 
these  rays  may  still  be  sufficiently  powerful  to  produce  vision 
in  the  night-roving  animals  ;  howbeit,  of  this  there  is  not  the 
slightest  proof,  and  all  the  phaenomena  of  vision  in  the  cat, 
owl,  and  the  like,  in  comparative,  not  absolute  darkness,  may 
be  physiologically  explained.  However,  in  this  paper  LiciHT 
will  be  used  to  distinguish  those  radiations  which  produce 
vision  and  colour,  Heat,  those  affecting  any  thermic  phae- 
nomena; whilst  those  radiations  on  which  certain  chemical 
changes  are  supposed  to  depend  will  be  distinguished  by  the 
epithet  of  Actinic. 

At  the  Meeting  of  the  British  Association  at  York,  it  was 
proposed  by  Sir  John  Herschel  that  all  those  phumomenn 
which  exhibit  change  of  condition  under  the  influence  o^  the 
solar  rays  should  be  distinguished,  as  forming  a  peculiar  pro- 
vince of  chemistry,  by  the  term  Actino-Chemistry,  and  this 
was  generally  approved  by  the  Chemical  Section.  Actinism 
it  is  proposed  shall  in  future  be  used  to  express  that  principle 
or  modification  upon  which  these  phujnoniena  dejiciul.  Ac- 
TINICITY  will  (iistM)guish  this  power  in  action,  and  Actinized 
I  shull  use  to  signify  any  substance  which  has  been  ex])osrd  to 
Aclinic  influence.  In  the  progress  of  the  examination  of 
these  physico-chemical  plicenomena  other  epithets  must  of  ne- 
oettity  be  formed  ;  for  example,  it  will  be  convenient  to  speak 
of  media  which  obstruct  the  passage  of  actinism,  like  the  quu- 
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dri-sulphuret  of  lime  and  the  solution  of  the  bichromate  of 
potash,  as  Adiactjnic,  whilst  media  admitting  the  free  per- 
meation of  this  power,  as  colourless  glass,  or  a  solution  of  the 
ammoniuret  of  copper,  would  be  distinguished  as  Diactinic*. 
Any  instrument  used  for  measuring  the  amount  of  chemical 
disturbance  effected  by  the  solar  rays,  would  be  called,  as  was 
proposed  by  Sir  John  Herschel,  an  Actinograph.  With 
these  preliminary  observations  I  do  not  think  any  difficulty 
will  arise  from  the  terms  made  use  of  in  this  paper. 

Influence  of  the  Solar  Rays  on  Precipitation. 

In  1832  Sir  John  Herschel  communicated  the  remark- 
able fact,  that  when  a  solution  of  platinum  in  nitro-muriatic 
acid,  which  has  been  neutralized  by  the  addition  of  lime,  and 
has  been  well-cleared  by  filtration,  is  mixed  with  lime-water 
in  the  dark,  no  precipitation,  or  scarcely  any,  takes  place,  but 
when  (being  thoroughly  cleared  of  any  sediment)  this  mixture 
is  exposed  to  sunshine  it  instantly  becomes  milky,  and  a  white 
or  yellowish-white  precipitate  speedily  falls. 

By  exposing  this  mixture  behind  coloured  media,  Sir  John 
Herschel  found  that  the  effect  was  due  to  the  influence  of  the 
most  refrangible  rays.  I  have  placed  this  mixture  in  small 
glass  tubes,  and  so  arranged  them  that  they  were  individually 
exposed  to  a  separate  ray  of  the  spectrum.  After  an  exposure 
of  one  hour  the  following  results  were  obtained,  the  precipi- 
tates having  been  carefully  washed  and  dried  in  the  tubes  in 
which  they  were  formed. 

Most  refrangible  rays  beyond  the  visible  spectrum  0*07  gr. 

Violet  rays 1*05  ... 

Indigo  rays 0'60  ... 

Blue  rays 0*45  ... 

Green  rays 0*10  ... 

Yellow  and  orange  rays 

Red  rays 0'05  ... 

It  is  a  fact  worthy  of  especial  notice,  that  this  precipitation 
is  so  dependent  upon  the  amount  of  sunshine,  that  precipitates 
obtained  in  the  same  time,  being  carefully  weighed  off,  will 
show  the  relative  amounts  of  actinic  influence  to  which  they 
have  been  exposed. 

Manganate  of  Potash. — A  solution  of  this  body  having  been 
made  in  the  dark,  was  placed  in  two  glass  vessels  and  set 
aside.    After  having  been  kept  in  darkness  for  two  hours,  the 

•  These  terms  are  formed  from  those  proposed  by  M.  Melloni  in  his 
"  New  Nomenclature  for  the  Science  of  Calorific  Radiations,"  a  slight 
liberty  being  taken  with  them  for  the  sake  of  euphony. 
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solutions  remained  as  clear  as  at  first.  One  of  the  vessels  with 
its  contents  was  then  removed  into  the  sunshine,  when  the 
solution  immediately  became  cloudy,  and  was  very  speedily 
decomposed,  the  precipitate  falling  heavily.  By  experiments 
with  the  spectrum,  I  have  since  found  that  the  precipitation  is 
due  almost  entirely  to  the  more  refi'angible  rays.  I  have  not 
been  enabled  to  decide  with  that  degree  of  accuracy  I  could 
desire,  in  which  ray  the  maximum  effect  is  produced.  The 
precipitates  formed  in  the  blue,  indigo  and  violet  rays  were 
nearly  of  the  same  weight,  but  it  did  appear  that  the  precipi- 
tation was  most  speedily  produced  by  the  mean  blue  ray. 

If  we  dissolve  the  brown  precipitate  from  the  mineral  cha- 
meleon in  a  solution  of  cyanide  of  potassium,  we  have  a  clear 
fluid.  Place  one  portion  in  darkness,  and  expose  another 
to  good  sunshine,  the  solution  preserved  in  the  dark  will  re- 
main quite  clear  for  many  days,  whereas  that  exposed  to  ac- 
tinic influence  throws  down  a  brown  precipitate  after  a  few 
hours*  exposure.  If  the  solution  is  washed  over  paper,  we 
procure  by  exposure  good  negative  images  of  leaves  or  any 
other  body  superposed. 

A  few  grains  of  sulphate  of  the  protoxide  of  iron  were 
dissolved  in  rain  water.  If  kept  in  perfect  darkness,  the  solu- 
tion remains  clear  for  a  long  time ;  it  becomes,  however,  even- 
tually cloudy  and  coloured  from  the  formation  of  some  per- 
oxide of  iron,  even  in  tubes  hermetically  sealed.  A  few  mi- 
nutes' exposure  to  sunshine  is  sufficient  to  produce  this  change, 
and  the  oxide  formed,  instead  of  floating  in  the  fluid,  and  as 
in  the  former  case  rendering  it  opake,  falls  speedily  to  the 
bottom. 

Some  years  since,  at  the  Meeting  of  the  British  Associ- 
ation at  Plymouth,  I  pul)lished  an  account  of  an  exceedingly 
sensitive  "  photographic  "  process,  the  agents  employed  being 
iodide  of  silver  antl  the  ferro-cyanide  of  potassium.  I  navesince 
then  made  some  experiments  with  the  hope  of  ascertaining 
the  rationale  of  the  chemical  changes  which  take  place.  Tiiis 
has  not  been  done  in  anything  like  a  satisfactory  manner  ; 
they  have,  however,  led  me  to  observe  a  curious  effect  pro- 
duced in  mixed  solutions  of  iodide  of  potassium  and  ferro- 
cyanide  of  potassium  under  the  iniluence  of  sunshine.  If 
a  mixture  of  these  salts  is  kept  in  the  dark,  no  change  takes 
place  for  a  long  period,  but  if  exposed  to  siujshine,  the  colour 
of  the  solution  is  much  dcepeneci,  becoming  of  a  bright  golden 
yellow,  and  a  light  brown  powder  is  precipitated.  1  have  rc- 
Hervcd  the  examination  of  this  powder  for  some  future  ))ei'iod  : 
1  believe  it  to  be  a  combination  of  iron  and  iodine,  and  I  have 
gooil  reason  for  believing  that  a  very  remarkable  change  takes 
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place  in  the  arrangement  of  the  elements  of  the  salts  em- 
ployed. 

]  00  grains  of  the  protosulphate  of  iron  were  dissolved 
in  2  oz.  of  distilled  water;  30  grs.  of  the  bichromate  of  potash 
were  dissolved  in  4  oz.  of  distilled  water;  1  oz.  of  the  iron 
solution  was  weighed  into  two  large  test-tubes,  and  6  drachms 
of  the  solution  of  the  bichromate  of  potash  added  to  each, 
which  formed  a  fine  red- brown  clear  solution.  One  tube  was 
kept  from  all  light,  and  the  other  exposed  to  good  sunshine 
for  an  hour ;  in  both  tubes  there  was  a  precipitation  of  the 
chromate  of  iron,  described  by  Dr.  Thomson  in  his  memoir 
on  the  Salts  of  Chromium,  published  in  the  Philosophical 
Transactions.  The  solutions,  which  were  perfectly  clear,  were 
poured  off'  from  the  precipitates;  these  were  washed  and 
weighed.  The  precipitate  formetl  in  the  dark  was  found  to 
weigh  three  grains  more  than  that  formed  in  the  sunshine. 
This  result  was  different  iiom  what  my  previous  experiments 
had  led  me  to  expect,  and  it  was  several  times  repeated  with 
the  most  scrupulous  care.  In  every  instance  the  precipitation 
which  took  place  during  the ^ first  exposure  to  sunshine  was  less 
than  that  formed  in  darkness. 

The  clear  actinized  solution  poured  off"  from  the  chromate 
of  iron,  being  again  exposed  to  solar  influence,  the  other 
being  carefully  guarded  from  the  slightest  radiation,  it  was 
found  that  the  precipitation  went  on  much  quicker  in  sunshine 
than  in  the  dark ;  the  side  of  the  tube  facing  the  sun  was  al- 
ways thickly  coated  with  chromate  of  iron,  whilst  the  other 
side  of  it  was  perfectly  free  from  any  precipitation.  Dr. 
Thomson  has  shown  that  this  precipitation  is  produced  by 
heat;  it  became  interesting  to  know  what  part  solar  heat  had 
in  the  phaenomena.  As  I  experienced  some  difficulty  in  ar- 
ranging in  a  satisfactory  manner  many  tubes  along  the  pris- 
matic spectrum,  I  used  only  three.  One  was  placed  in  the 
mean  indigo  ray,  another  in  the  mean  yellow  ray,  and  the 
third  in  the  least  refrangible  red  ray.  After  an  exposure  of 
four  hours,  the  precipitation  formed  in  the  tubes  in  the  iliffer- 
ent  rays  was  as  follows  : — 

Indigo  ray 5*25 

Yellow  ray 0*50 

Red  ray 2-15 

Similar  results  were  obtained  by  placing  the  solutions  behind 
blue,  yellow  and  red  glasses,  proving  that  although  the  calo- 
rific rays  were  not  without  action,  the  principal  effect  was 
due  to  the  chemical  rays.  The  half  grain  formed  in  the 
yellow  ray  I  still  regard  as  due  to  the  thermic  or  actinic  power 
of  the  beam,  as  behind  a  deep-coloured  yellow  solution  (sul- 
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phate  of  potash  and  chromium)  no  precipitate  was  formed  in 
eight  hours. 

I  have  made  one  or  two  other  experiments  (particularly  one 
with  a  mixture  of  the  bichromate  of  potash  and  the  sulphate 
of  copper)  in  which  precipitation  appears  retarded  by  solar 
agency.  I  am  rather  inclined  to  think  that  it  will  eventually 
be  proved  that  the  electric  energy  of  the  different  bodies  in 
relation  to  each  other  will  greatly  modify  the  results  we  shall 
obtain  in  these  experiments,  and  I  intend,  if  possible,  to  in- 
vestigate this  part  of  the  subject  with  care.  Since  Becquerel 
has  shown  {Aimales  de  Chimie,  November  1843)  that  the 
electrical  excitation  produced  by  the  solar  rays  is  different  for 
each  ray,  and  that  this  power  is  at  its  maximum  in  the  yellow 
ray  and  also  in  the  violet  ray,  the  minimum  force  being  be- 
tween the  green  and  blue  rays;  and  since  the  mean  maximum 
of  chemical  energy  has  been  shown  to  manifest  itself  in  the 
violet  ray,  and  its  niinimum  invariably  to  reside  in  the  yellow 
ray ;  and  as  it  is  known  that  the  negative  and  positive  cur- 
rents or  sparks  produce  opposite  effects,  may  we  not  reason- 
ably conclude  that  the  solar  radiations  are  in  some  remarkable 
manner  involved  in  the  production  of  electrical  phaenomena? 
To  say,  as  lias  been  said,  that  electricity  is  the  agent  pro- 
ducing the  effects  I  have  been  considering,  is  rushing  nuich 
too  hastily  to  a  conclusion ;  indeed,  cases  will  be  found  in 
which,  at  the  maximum  of  electrical  power  in  the  spectrum, 
electrical  phienomena  which  would  occur  in  darkness  or  in 
light,  apart  from  heat  or  actinism,  are  entirely  prevented. 

Colour  of  Precipitates. 

If  a  solution  of  bichromate  of  potash  is  exposed  to  sun- 
shine, it  acquires  a  proj)erty  of  precipitating  several  metals  as 
chromates,  differing  many  shades  in  colour  from  the  colours 
produced  by  a  similar  solution  prepared  and  kept  in  the  dark. 
If  the  actinized  solution  be  poured  into  a  solution  of  nitrate 
of  silver,  the  chromate  of  silver  formed  is  of  a  much  more 
beautiful  colour  tban  that  given  by  a  solution  which  has  not 
been  exposed  to  the  sun.  A  like  effect  will  take  jilace  in  pre- 
cipitating chromate  of  mercury  with  actinized  and  non-acti- 
nized  solutions  of  the  chrome  salt. 

iSolutions  of  sulphate  of  iron  exposed  to  sunshine  yield 
a  prus&ian  blue  witii  the  ferro-prussiate  of  potash,  of  a  far 
more  beautiful  colour  than  that  ))roduccd  by  a  solution  which 
lias  not  been  so  exposed.  Il  solutions  oi  both  the  salts  are 
kei)t  for  many  hours  in  good  sunshine^  the  colour  of  the  re- 
sulting prussiau  blue  is  still  improved. 

I  huve  lung  noticed  in  tlie  procuHs  of  darkening  photo- 
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graphic  papers  and  Daguerreotype  plates,  that  the  colours  pro- 
duced varied  in  richness  of  tint  and  in  shade  with  the  bright- 
ness of  the  sun  and  the  clearness  of  the  atmosphere  at  the  time 
of  exposure.  In  some  positive  processes,  in  which  a  darkened 
paper  was  bleached  under  the  influence  of  actinic  radiations 
(if  this  expression  be  permitted),  the  effects  of  colour  were 
often  very  striking  and  beautiful,  whereas  in  winter,  or  when 
a  slight  haze  existed,  a  dull  dun-brown  almost  invariably  re- 
sulted. It  appears  that  dyers  and  the  manufacturers  of  some 
of  the  fine  pigments  are  not  unacquainted  with  these  facts; 
they  are  certainly  curious,  and  deserve  attentive  investigation 
at  the  present  time.  I  regret  that  I  am  only  in  a  position  to 
record  the  facts  I  have  noticed,  not  having  as  yet  determined 
even  the  influence  of  the  various  independent  rays  upon  these 
coloured  precipitations. 

Actinic  Influence  on  Chemical  Combination. 

Two  phials  were  filled  with  a  solution  of  acetate  of  sil- 
ver and  carefully  corked.  One  was  exposed  for  an  hour  to 
good  sunshine,  whilst  the  other  was  carefully  kept  in  the  dark.* 
At  the  end  of  this  time,  a  solution  of  the  protosulphate  of  iron 
having  been  made  in  the  dark,  ten  drops  of  it  were  added  to 
each  solution  of  silver.  The  one  which  had  been  exposed 
gave  immediately  a  copious  precipitate  of  silver,  whereas  the 
other  was  only  rendered  slightly  turbid,  and  was  some  mi- 
nutes before  it  precipitated.  Alter  having  stood  eight  or  ten 
minutes  no  difference  could  be  detected  in  the  quantity  of  sil- 
ver precipitated  in  either  phial. 

Acetate  of  mercury  was  used  in  the  place  of  the  acetate  of 
silver,  and  the  difference  between  the  actinized  solution  and 
the  other,  on  the  addition  of  the  iron  salt,  was  very  striking. 

The  two  salts,  acetates  of  silver  and  mercury,  were  mixed, 
(they  had  been  used,  combined  rather  successfully,  in  a  pho- 
tographic process  of  some  interest).  One  portion  was  ex- 
posed in  a  large  test-tube  carefully  corked,  and  another  por- 
tion was  protected  from  all  light  in  a  bottle.  The  exposure 
in  this  case  was  from  two  to  three  hours,  but  during  that 
time  there  was  not  more  than  half  an  hour's  good  sunshine. 
By  the  light  of  a  taper  an  e(jual  quantity  of  the  sulphate  of 
iron  was  added  to  each.  In  about  three  minutes  the  solution 
which  had  been  exposed  appeared  a  little  disturbed,  small 
specks  were  seen  to  form  in  various  parts  of  the  fluiti,  and 
these  rapidly  increasing  in  size  and  assuming  star-like  shapes, 
fell  heavily.  At  the  expiration  of  an  hour  a  dark  and  bulky 
precipitation  was  formed,  but  in  the  unexposed  solution  the 
precipitate  was  but  little  and  of  a  light  gray  colour.    In  about 
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two  or  three  hours  a  coating  of  white  metal  was  formed  in 
two  well-defined  stripes  along  the  tube  which  had  been  under 
solar  influence;  one  on  the  side  directly  facing  the  sun,  and 
the  other  on  the  other  side  of  the  tube,  but  along  a  line,  upon 
which  I  found  by  subsequent  experiment  the  rays  were  con- 
centrated, by  the  form  and  refractive  power  of  the  media — 
glass  and  metallic  solution — through  which  they  had  to  pass. 
That  these  lines  were  due  to  the  action  of  the  solar  rays  was 
proved  by  placing  a  piece  of  blackened  paper  around  a  tube, 
as  marked  in  the  figure,  which  effectually  prevented  the  me- 
tallic deposit  over  the  space  it  covered.  This  deposit  is  some- 
what capricious  in  its  formation.  The  experiment  has  been 
often  repeated,  but  although  the  precipitation  was  invariably 
as  described,  it  frequently  happened  that  no  metal  was  de- 
posited along  the  glass. 

Sulphate  of  iron  in  solution  was  found  to  acquire  the 
same  property  by  exposure  as  the  other  salts  above-named. 
80  grs.  oi  this  protosalt  were  dissolved  in  an  ounce  and  a  half 
of  water.  It  was  then  divided  into  two  portions,  one  of  which 
was  exposed  for  an  hour  to  sunshine.  100  grs.  of  each  solu- 
tion were  carefully  weighed  into  test-tubes,  and  the  same 
weight  of  a  solution  of  nitrate  of  silver  made  in  the  dark,  was 
added  to  each.  As  quickly  as  possible  the  precipitates  were 
collected,  washed,  dried  and  weighed.  The  precipitate  pro- 
duced immediately  by  the  iron  solution  which  had  been  acti- 
nized  weighed  2*8  grains,  whereas  the  precipitate  by  the  un- 
exposed solution  weighed  0*7  grain.  These  results  are  the 
mean  of  six  experiments. 

Two  test-tubes  had  120  grains  of  an  nctinized  solution  of 
nitrate  of  silver  weighed  into  them,  and  into  two  others  was 
put  the  same  quantity  of  a  like  solution  which  had  not  been 
actinized.  Four  other  tubes  held  the  same  weights  of  solutions 
of  the  protosulphate  of  iron,  two  of  them  actinized,  the  others 
not  so.  They  were  mixed  in  the  following  order,  and  the 
precipitates  collected  immediately  from  each  were  as  stated : — 

1.  Actinized  silver  with  actinized  iron      .     0*5  gr. 

2.  Unactinized  silver  with  unactinized  iron  0'7  ... 

3.  Actinized  .silver  with  unactinized  iron       1*0  ... 

4.  Unactinized  silver  with  actinized  iron  1*5  ... 
Considerable  difficulty  arises  from  the  length  of  time  which 
must  necessarily  elapse  before  the  precipitates  can  be  re- 
moved from  the  solutions.  In  all  cases  I  find  that  after  some 
little  time  the  conditions  rcfjuired  to  effect  a  precijiitalion  are 
established,  and  in  both  kinds  of  soluiions  it  then  proceeds 
without  any  ap|)nrent  dilTerencc.  It  would  appear  from  the 
above  rctiulls,  which  are  the  mean  of  many  experiments,  that 
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when  both  solutions  are  brought  into  the  same  actinic  condi- 
tion they  do  not  precipitate  more  freely  than  those  do  which 
have  been  kept  in  the  dark.  It  appears  to  be  necessary  that 
the  actinic  states  should  be  dissimilar  to  ensure  the  production 
of  these  curious  phaenomena,  which  evidently  point  to  some 
law  of  chemical  action  which  has  not  yet  been  made  the  sub- 
ject of  study. 

Bichromate  of  potash,  it  is  well  known,  is  decomposed 
by  the  agency  of  the  solar  rays  when  in  contact  with  organic 
matter.  A  solution  of  this  salt  spread  upon  paper  forms  a 
photographic  agent  of  some  interest.  The  paper,  which  is  of 
a  fine  yellow  colour  when  first  prepared,  becomes  brown  upon 
exposure  to  the  sunshine,  from  the  chromic  acid  of  the  salt 
being  acted  upon  by  the  organic  matter  of  the  paper.  A  si- 
milar change  takes  place,  to  a  certain  extent,  in  solutions  of 
this  salt  in  distilled  water,  when  exposed  in  clear  glass  ves- 
sels, for  some  time,  to  bright  sunshine.  The  evidence  we 
have  of  this  is  the  gradual  formation  of  minute  bubbles  of  air, 
which  are  redissolved,  and  the  progressive  increase  of  free 
chromic  acid  in  the  solution,  which  may  be  detected  by  any 
of  the  usual  methods. 

A  combination  of  the  bichromate  of  potash  and  of  sul- 
phate of  copper,  either  on  paper  or  in  solution,  exhibits  the 
above  change  very  clearly,  in  the  gradual  formation  of  a 
chromate  of  copper  of  a  peculiar  character,  which,  although 
brown  at  first,  becomes  nearly  white  by  prolonged  exposure 
to  solar  influence;  indeed,  upon  paper  the  whiteness  is  quite 
complete.  Some  very  remarkable  changes  have  been  delected 
in  combinations  of  these  salts,  which  will  be  made  the  sub- 
ject of  a  future  communication. 

Actinic  Influence  on  Electro-chemical  Action. 

Some  years  since,  when  endeavouring  to  discov§r  the  che- 
mical action  exerted  by  the  sun's  rays  on  the  iodide  of  silver, 
I  was  induced  to  form  some  small  galvanic  arrangements,  a 
description  of  which  and  the  results  of  my  experiments,  I 
published  in  the  Philosophical  Magazine  for  October  184'0. 
As  these  experiments  bear  strongly  on  my  present  researches, 
I  venture  to  extract  a  passage  or  two  from  that  paper. 

*'  In  a  watch-glass,  or  any  capsule,  place  a  little  solution 
of  silver;  in  another,  some  solution  of  any  hydriodic  salt; 
connect  the  two  with  a  filament  of  cotton,  and  make  up  an 
electric  circuit  with  a  piece  of  platina  wire;  expose  this  little 
arrangement  to  the  light,  and  in  a  very  short  time  it  will  be 
seen  that  iodine  is  liberated  in  one  vessel,  and   the  yellow 
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iodide  of  silver  formed  in  tiie  other,  which  blackens  as  quickly 
as  it  is  formed. 

"  Place  a  similar  arrangement  to  the  above  (31.)  in  the 
dark,  iodine  is  slowly  liberated.  No  iodide  of  silver  forme d^ 
but  around  the  wire  a  beautiful  cnystallization  of  metallic  silver. 

"  A  piece  of  platina  wire  was  sealed  into  two  glass  tubes ; 
these  when  filled,  the  one  with  hydriodate  of  potash  in  solu- 
tion, and  the  other  with  a  solution  of  the  nitrate  of  silver,  were 
reversed  into  two  watch-giasses  containing  the  same  solutions, 
the  glasses  being  connected  by  a  piece  of  cotton.  A  few  hours 
of  daylight  occasioned  the  hydriodic  solution  in  the  tube  to 
become  quite  brown  with  liberated  iodine;  a  small  portion  of 
iodide  of  silver  was  formed  along  the  cotton,  and  at  the  end 
dipping  in  the  salt  of  silver.  During  the  night  the  hydriodic 
liquid  became  again  colourless  and  transparent,  and  the  dark 
salt  along  the  cotton  became  yellow  as  at  firsts 

I  have  resumed  this  inquiry  under  modified  conditions, 
but  the  results  have  been  invariably  of  a  similar  character  to 
the  above.  I  shall  for  the  present  merely  describe  two  sets 
of  experiments,  from  which  I  draw  these  conclusions: — 

1st.  That  electro-metallic  precipitation  is  prevented  by  the 
influence  of  the  sun's  rays. 

2nd.  That  light  is  not  the  retarding  agent,  but  that  the 
exercise  of  electrical  force  is  negatived  by  the  direct  influence 
of  actinism. 

I  placed  in  a  test-tube  a  strong  solution  of  nitrate  of  silver; 
in  another  tube,  being  closed  at  one  end  with  a  thiu  piece  of 
bladder,  I  placed  a  solution  of  iodide  of  potassium ;  this  was 
supported  in  the  solution  of  nitrate  of  silver  by  being  fixed  in 
a  cork,  and  a  piece  of  platina  wire  was  carried  from  one  solu- 
tion into  the  other.  An  arrangement  of  this  kind  was  kept  in 
the  dark;  iodine  was  liberated  in  the  inner  tube,  and  a  cry- 
stalline arrangement  of  metallic  silver  was  formed  around  the 
platina  wii'e  in  the  outer  one.  Another  was  placed  in  the 
sunshine;  iodine  was  liberated  in  tiie  dark,  but  no  silver  was 
tleposited. 

Having  exposed  the  above  solution  to  the  sunshine  of  July 
during  a  long  day,  the  tube  was  placed  in  a  dark  cupboard, 
but  the  actinic  influence  which  had  been  exerted  on  the  solu- 
tion of  Hilver  had  produced  a  permanent  change  in  its  condi- 
tion ;  after  beveral  days  no  trace  of  any  metallic  deposit  could 
be  detected,  but  the  whole  of  the  iodine  again  entered  into 
combination,  whereas  this  was  not  the  case  in  the  unexposed 
glatses. 

In  the  inner  tube  I  placed  the  solution  of  .silver,  and  in  tlie 
outer  one  the  hydriodate  of  potash.     One  arrangement  was 
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kept  in  the  dark,  the  other  was  exposed  to  good  sunshine.  In 
both  instances  the  liberated  iodine  gave  an  intense  yellow  to 
the  solution,  and  in  both  cases  the  quantity  of  metallic  silver 
deposited  was  precisely  the  same. 

This  yellow  fluid  being  analysed  by  the  prism  was  found  to 
obstruct  all  the  rays  above  the  green,  whilst  it  permitted  the 
permeation  of  the  yellow  and  orange  rays  in  great  quantity 
and  power.  It  is  therefore  evident  that  the  luminous  rays  of 
the  solar  spectrum  have  no  power  in  retarding  electro-che- 
mical action. 

I  submit  these  details  of  experiments  in  a  new  and  im- 
portant branch  of  science  to  the  Chemical  Society,  knowing 
that  they  form  but  a  very  imperfect  account  of  an  extensive 
series  of  phsenomena,  but  I  do  so  with  the  hope  of  being  en- 
abled eventually  to  render  my  contributions  more  comprehen- 
sive. 

VIII.  Experiments  on  the  Electric  Discharge  of  the  Jar.  (Ex- 
tract of  a  letter  from  M.  Matteucci  to  M.  Arago.)* 

AVING  lately  had  occasion,  in  one  of  mv  lectures  on 
electricity,  to  employ  the  new  electrical  machine  of 
Armstrong,  I  thought  it  would  be  interesting  to  repeat  the  ex- 
periments olCoiladon  with  this  machine.  The  large  quantity  of 
electricity  which  is  developed  with  this  machine  led  me  to  hope 
that,  even  with  an  ordinary  galvanometer,  we  might  obtain  in- 
dications of  current  by  making  a  communication  between  the 
insulated  boiler  and  the  conductor  furnished  with  points  and 
alio  insulated^  against  which  the  jet  of  vapour  is  directed.  It 
was,  indeed,  with  an  ordinary  galvanometer,  the  wire  of  which 
makes  200  turns,  and  which  is  furnished  with  a  somewhat  im- 
perfect static  arrangement,  that  I  obtained,  operating  in  the 
manner  I  have  stated,  a  fixed  deviation  in  the  direction  given 
by  the  cojiditions  of  the  experiment.  This  direction  took 
place  the  contrary  way,  on  reversing  the  position  of  the  ex- 
tremities of  the  galvanometer,  being  always  directed  from  the 
extremity  of  the  wire  turned  toward  the  vapwur  to  that  of  the 
boiler.  I  have  tried  some  experiments  with  a  view  of  com- 
paring the  intensity  of  the  currentwith  the  tension  of  the  vapour 
in  the  boiler ;  and  I  have  operated  from  two  atmospheres  up 
to  five  successively.  The  fixed  deviation  increased  from  3  de- 
grees up  to  10  and  '27  degrees,  going  from  the  pressure  of 
two  atmospheres  to  four.  It  appeared  to  me  that  the  devia- 
tion was  sensibly  the  same  lor  pressures  exceeding  four  at- 
mospheres. On  holding  one  of  the  extremities  of  the  wire 
♦  From  the  Comptes  Bendus,  April  14,  1845, 
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with  an  insulating  handle,  at  a  certain  distance  from  the  con- 
ductor or  the  boiler,  whilst  the  othe^;  extremity  of  the  wire 
was  in  contact  with  the  boiler  or  the  conductor,  there  was 
always  a  constant  deviation  in  the  needle,  but  it  was  less,  how- 
ever, than  that  which  existed  when  there  was  no  interruption 
in  the  circuit.  In  this  case,  even  at  the  distance  of  several 
centimetres,  there  was  a  series  of  sparks  which  appeared 
without  interruption.  I  wished  however  to  assure  myself  of 
it  by  one  of  the  very  ingenious  means  discovered  by  Mr. 
Wheatstone.  This  was  a  revolving  disc,  upon  which  1  traced 
black  stripes.  The  space  of  time  which  elapsed  in  passing 
from  one  stripe  to  the  other  was  0*00009  of  a  second  :  the  disc 
appeared  innnoveable.  It  is  proved  therefore  that  the  light 
was  not  continuous,  and  that  it  was  a  series  of  sparks  or  of 
successive  discharges  which  traversed  the  circuit,  giving  to 
this  circuit  itself  the  properties  of  a  conductor  traversed  by  a 
voltaic  current.  The  enormous  quantity  of  electricity  which 
is  })roduced  by  this  machine  in  all  circumstances  of  the  atmo- 
sphere, allowed  of  my  making  a  series  of  experiments  which 
complete  the  identification  of  the  electric  current  properly  so 
called  with  the  discharge  of  the  jar.  I  prepared  a  demi-right 
angleof  copperwire  perfectly  similar  to  the  moveable  conductor 
of  Ampere.  The  two  small  cups  filled  with  mercury,  into 
which  the  points  of  the  moveable  conductor  are  plunged,  are 
fixed  on  a  column  of  resin.  The  moveable  conductor  is  sup- 
ported by  a  silk  thread  without  torsion.  I  fixed  upon  a  resin 
foot  a  copper  wire,  which  was  consequently  parallel  to  the 
longest  side  of  the  right  angle,  to  which  it  could  thus  be 
brought  near  or  removed  from  it  at  will.  The  whole  appa- 
ratus was  covered  with  a  bell  glass  to  prevent  the  effect  of  the 
agitation  of  the  air.  It  is  not  difficult  to  conceive  the  ar- 
rangements of  the  experiment  so  as  to  cause  the  discharge  of 
a  battery  to  pass  into  the  two  conductors,  either  in  the  sanie 
direction,  or  in  the  opposite  one ;  I  shall  therefore  not  stop  to 
describe  them.  I  began  by  passing  the  discharge  into  one 
only  of  the  conductors,  keeping  the  other  either  insulated  or  in 
communication  with  the  ground  :  one  while  the  discharge 
passed  through  the  moveable  conductor,  at  another  by  the 
fixed  conductor.  When  the  two  conductors  arc  at  the  distance 
of  fifteen  to  twenty  millimetres,  employing  the  discharge  of  a 
battery  of  nine  jnrs,  each  of  which  had  a  surface  <if  0'"''""12,  no 
movement  was  observed  in  the  moveable  conductor,  even  when 
examined  with  the  telescope  of*  the  cathetometer.  At  a  di- 
stance less  than  fifteen  millimetres  between  the  two  conductors, 
the  moveable  wire  was  in  all  cases  seen  to  be  slightly  attracted 
by  the  fixed  conductor.   Tills  same  attraction  is  manifested  in 
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a  much  more  evident  manner  when  the  fixed  conductor  or  the 
moveable  conductor  is  in  communication  with  the  conductor 
of  the  electrical  machine.  Lastly,  if  the  fixed  conductor  be 
electrified  with  sparks,  the  moveable  conductor  is  successively 
attracted  and  repelled.  These  phaenoniena  are  very  easily 
explained  by  the  ordinary  attractions  and  repulsions  of  elec- 
trified bodies,  in  presence  of  bodies  in  the  natural  state.  I 
only  wished  to  try  these  experiments  with  my  apparatus,  in 
order  to  see  what  part  it  might  have  in  the  phaenomena  which 
I  am  about  to  describe.  The  two  conductors  are  arranged  in 
such  a  manner  as  that  the  discharge  should  penetrate  them  in 
opposite  directions.  The  distance  between  the  two  conductors 
was  from  ten  to  fifteen  up  to  thirty  millimetres.  I  began  by 
observing  the  moveable  conductor  with  a  telescope ;  but  this 
was  useless,  for  the  movements  of  repulsion  which  take  place 
in  the  moveable  conductor  at  the  moment  of  the  discharge 
are  so  great  that  they  may  be  observed  with  the  unassisted 
eye.  On  passing  the  current  along  the  two  conductors  in  the 
same  direction,  the  moveable  conductor  was  also  seen,  and  in 
a  very  distinct  manner,  to  fall  upon  the  fixed  conductor  at  the 
moment  of  the  discharge.  Thus  we  may  admit,  without  any 
kind  of  doubt,  that  the  fundamental  law  of  Ampere,  of  the  at- 
traction of  currents  of  the  same  direction,  and  of  the  repulsion 
of  currents  of  opposite  direction,  holds  good  in  regard  to  the 
discharge  of  the  jar  under  the  same  circumstances. 

I  shall  lastly  add,  that  I  repeated  my  experiments  on  the 
induction  of  the  discharge  of  the  jar  {Annates  de  Chimie  et  de 
Physique,  3rd  series,  t.  iv.  Feb.  1842.),  by  passing  the  discharge 
of  the  battery  through  the  wire  of  a  plane  spiral  in  presence 
of  a  similar  spiral,  the  two  extremities  of  which-are  united  with 
the  ends  of  the  wire  of  a  galvanometer.  At  whatever  distance 
the  two  spirals  are,  the  current  of  induction,  which  continu- 
ally diminishes  in  proportion  as  the  distance  increases,  al- 
ways passes  in  the  same  direction  as  the  current  of  the  jar. 
cesses  of  magnetizing  to  ascertain  the  direction  of  the  current 
I  lay  a  stress  on  this  result,  because,  when  employing  the  pro- 
of induction,  we  sometimes  find  this  result,  sometimes  the  con- 
trary, according  to  the  distance  of  the  two  spirals  and  the  ten- 
sion of  the  discharge.  When  the  current  of  induction  is  made 
to  act  on  another  spiral,  whose  extremities  communicate  with 
the  galvanometer,  the  current  of  induction  of  the  second  order 
which  is  obtained  passes  in  the  contrary  direction  to  the  in- 
ductor current.  These  are  the  results  described  in  my  me-  ^ 
moir  already  cited, — results  which  I  have  just  now  had  occa- 
sion to  verify. 
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IX.    On  Algebraical  Cmiples.      By  Arthur  Cayley,  Esq., 
B.A.,  F.C.P.S.,  Fellow  of  Trinity  College,  Cambridge^. 

TT  is  worth  while,  in  connection  with  the  theory  of  quater- 
-■■  nions  and  the  researches  of  Mr.  Graves  (Phil.  Mag., 
No.  173),  to  investigate  the  properties  of  a  couple  tx+jy,  in 
which  I,  J  are  symbols  such  that 

i^  =z  on  +  SJ 

tj  =  «1 1  +  glj 

jl^ryt  +  hj 

i*  =  y^  +  8V*- 

If  » or  +jy  I  Xi  +jyi  =  I X  +7  Y,  then 

X  =  axxi  +  a)  xyi  +  yx^y  +  y^yy^, 
Y  —  %xx^-\-  ^^ xy^  -\rlx^y  -\-  V-yy^, 

Imagine  the  constants  a,  ^...  so  determined  that  ix  -^jy 
may  have  a  modulus  of  the  form  K  [x  +  Aj/)  (^  +  /*y) ;  there 
results  one  of  the  four  following  essentially  independent  sy- 
stems :— 


A. 


/=  -Xiuli+  (y  4-  A+|x8)7 

X  +  X  Y  =  -i-  (y  +  X  8)  (^  +  Xy)  (x,  +  \y,) 

X  +  /i  Y  =—  (y  +  /A  8)  (a:  +  fty)  (^  +  fLy^). 

The  couple  may  be  said  to  have  the  two  linear  moduli, 

-L(y  +  A8)(.c+Xi/):-^(y  +  |t.S.)(.t;  +  fti/); 

as  well  ns  the  quadratic  one, 
1 


Xju. 


y4-x8y-fjtt84r  +  Xy«'  +  /xy, 


the  product  of  these,  wiiich  is  the  modulus,  and  the  only  mo- 
dulus in  the  remaining  systems. 

B. 


A  lU 

.;'*  =  (X  +  ^y  -f  X/t  8) »  -  yj 
*  Coniintinicatcd  by  the  Author. 
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I  X  +  j^Y  =  -i  (y  +  /^  8)  {x  +  Ay)  (^,  +  Xy,). 


C. 


•-^^l^^-f^^ — r  +  p  +  ^V'  +  l-s-T^^jj' 
i<  =  y  +  gj 

fx  +  aY  =  -^  (y  +  AS)  (r  +  Ay)  (a;,  +  ix,i/,) 

X  + 1* Y  =  i- (y  +  ^  8)  (a;  + /xy)  (^1  +  A^i). 
r 


1 


,j-=  (_y-ir+;:8)  .  +  (^y + 
/=  -Aja8/  +  (y  +  A  +  itA8)J 


Aju, 


X  +  aY  =  — (y  +  A8)(j7  +  |tx,y)  (^,  +  AyJ 
X  +  f* Y  =  -^  (y  +  |t*8)  (^  +  Ay)  [x^  +  /x,y,). 


The  formulae  are  much  simpler  and  not  essentially  less  ge- 
neral, if  ft  =  — A.     They  thus  become 


A'. 


B'. 


•'^  =  8'  +  ^i 

/rrA^S.  +  yj 

X±AY=±-^(y±A8).(a;±Ay)(^,±Ay,). 
(Two  linear  moduli.) 

J^  =  —  a2  8  .  —  yj 
X±aY=  +  Y('y±^S)(x  +  Ay)(;r,  +  Ayi). 
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A 

X  ±  X Y  =  ±  —  (y  ±  A  8)  (cT  ±  Aj/)  {.Vy  +  xyj. 

A 

D'.  .2^-S,-|^i         • 

X±XY  =  +  -^  (y±x8.)  [x  +  Aj/)  (a-,  ±Xj/  ). 

A 

There  is  a  system  more  general  than  (A.)  having  a  single 
linear  modulus  (/(fiX  +  Y) :  this  is 

ji  =  y{i-Qj)  +  $qj 
j'=y'i^-dj.)  +qj 

or,  without  real  loss  of  generality, 
E'.  |2  =  ai- 

U  =  «' » 

To  complete  the  theory  of  this  system,  one  may  add  the 
identical  ecjuation 

..here  u  =  '^7''/^  '  ^^''l 

a'  y  —  ay 

„      .  ...  I  i  u'—&y 

By  determining  the  constants,  so  that   s— ro  =     _a   i 

B — ^^^^-2^,  the  system  would  reduce  itself  to  the  form  A. 
Cambridge,  April  23,  1845. 
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X.  Ofi  a  Phenomenon  in  which  the  distant  objects  were  seen 
inverted.     By  Edward  Joseph  Lowe,  Esq."^ 

ON  Thursday,  April  17,  1845,  at  'Z^  20"^  p.m.,  a  curious 
and  very  unusual  phsenomenon  was  observed  near 
Radford,  which  is  situated  about  a  mile  W.  of  Nottingham. 

A  group  of  trees  at  the  distance  of  two  miles,  and  a  hill 
(behind  the  trees)  at  the  distance  of  four  miles  at  the  most 
remote  portion  from  the  place  of  observation,  were  seen  in- 
verted in  the  air  and  of  a  gray  colour ;  the  inverted  phaeno- 
menon  did  not  touch  the  objects  of  which  they  were  the  image, 
but  appeared  about  30'  elevated  above  them.  There  was  a 
haze  between  the  objects  and  the  phaenomenon;  also  the  sum- 
mits of  the  inverted  landscape  did  not  end  in  blue  sky,  but  were 
observed  also  to  end  in  haze.  The  breadth  of  the  hill  was 
20°,  which  was  inverted  of  an  equal  size,  and  appeared  some- 
what to  resemble  Pendle  Hill  in  Lancashire.  The  phaeno- 
menon was  seen  for  five  minutes,  and  when  left  still  visible ; 
returning  an  hour  afterwards  it  had  vanished.  No  clouds 
were  visible  at  the  time,  and  the  wind  was  very  brisk. 

The  morning  had  been  cloudless  until  10*^  a.m.,  then  few 
cumuli  clouds  of  small  size  floated  over,  increasing  in  abun- 
dance until  l'^  p.m.,  when  they  began  to  disappear  below  the 
S.E.  horizon  ;  at  2^^  p.m.  sky  almost  cloudless  and  the  weather 
warm,  soon  after  perfectly  cloudless;  at  3*^  p.m.  cirrostrati 
formed  themselves  on  N.  W.  horizon  ;  these  increased  rapidly, 
and  in  an  hour  covered  the  sky,  which  remained  overcast  for 
the  rest  of  the  day.  The  barometer  fell  from  30*596  in.  at 
9^  a.m.  to  30*560  in.  at  9'^  p.m.  (attached  thermometer  9^ 
a.m.,  64?"^;  9^*  p.m.,  6Q°)\  the  minimum  temperature  was  36°, 
and  the  maximum  temperature  58°'7;  the  direction  of  the 
wind  and  clouds  was  from  the  N.E.,  and  the  distant  prospect 
rather  hazy.  There  is  a  valley  of  some  considerable  size  in 
the  direction  of  the  phaenomenon,  but  not  much  water;  the 
principal  portion  is  the  river  Leen,  which  is  about  seven  yards 
wide,  and  does  in  some  measure  take  its  course  in  a  direction 
from  the  observer  to  the  phaenomenon. 


XL  On  a  Magnificent  Meteor  seen  in  ISottinghamshire. 
By  Edward  Joseph  Lowe,  Esq.* 

/^N  Thursday,  April  24,  1845,  a  blue  meteor,  of  a  most 
^^  unusual  size  and  brilliancy,  was  seen  near  High  Field 
House  (lat.  52°  57'  30";  long.  1°  11'  W.)  in  the  above  county. 
The  weather  had  been  for  the  five  days  prior  to  the  24th 
hot,  and  almost  cloudless;  for  the  mean  of  clouds  for  that 
*  Communicated  by  the  Author. 
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period  only  amounted  to  — — .     The  temperature  had  reached 

its  greatest  of  heat  on  the  24'th  at  4^^  p.m.,  viz.  +  70°*1,  at  which 
time  the  hygrometer  was  +59°'2;  the  wind  nearly  calm  and 
veering  to  E.,  and  in  the  evening  to  S.  The  barometer  had 
been  gradually  falling  from  the  morning  of  the  21st,  and  at 
6^  p.m.  a  heavy  thunder-storm  passed  over  High  Field  House 
from  the  S.  moving  to  the  N. ;  the  lightning  was  most  vivid 
at  6^  15™  p.m.  In  the  morning  a  faint  solar  halo  was  formed, 
and  in  the  evening  an  arc  of  a  solar  iris,  very  sensibly  pris- 
matic, was  visible.  At  9^  35°*  (mean  time),  the  night,  which 
was  very  dark,  suddenly  became  light  as  day,  and  the  objects 
near  and  distant  were  visible  as  plainly  as  in  broad  daylight: 
immediately  a  magnificent  meteor,  of  a  blue  colour,  was  seen 
traversing  the  interval  from  the  zenith,  through  the  stars  21, 
30,  40  and  41  of  the  constellation  of  Leo  Minor,  and  the  stars 
95,  96,  a'f  59,  t  and  75  of  the  constellation  of  Leo  Major  (a 
distance  of  30°),  which  it  accomplished  in  little  less  than  three 
seconds  of  time :  it  exploded  very  near  the  star  4),  Leonis 
Majoris,  and,  after  falling  in  small  fragments  of  light  for  the 
space  of  1°,  became  suddenly  extinguished.  Its  apparent  size 
was  very  nearly  equal  to  the  disc  of  the  moon,  and  perfectly 
round  in  form  ;  but  its  brilliancy  very  far  surpassed  that  lumi- 
nary, and  its  intensity  coultl  not  possibly  have  been  less  than 
three  times  as  light  as  our  satellite.  No  train  of  light  was  left 
behind  the  meteor,  as  is  seen  with  the  caudate  meteors.  It 
appeared  of  no  considerable  height  above  the  surface  of  our 
earth.  There  were  no  clouds  visible  at  the  time  ;  but  a  few 
cumuli  appeared  soon  after,  and  the  moon  rose  of  a  red 
colour. 

Should  any  one  have  noticed  this  pho^nomenon  in  the  azi- 
muth of  the  meteor,  a  comparison  of  remarks  would  prove 
both  interesting  and  important,  for  the  height  of  the  meteor 
above  the  surface  of  our  earth  might  be  ascertained. 


XII.  Reduction  of  the  Four  Forms  of  w  in  Jacobi's  General 
Transformation  of  an  Elliptic  Function  to  one  form  only. 
By  the  Rev.  Brice  Bronwin*. 

'T^IIE  constants  in  Jacobi's  transformation  of  an  elliptic 
-^  function  are  all  expressed  by  the  two  series  of  quanti- 
ties— 

%\v^am  (4(0),  sln^a;n(8eu) sin^am  (2n  ~  2)  w, 

ftin^  CO  am  (4tt)),  sin^  co  am  (8  w) sin^  co  am  (2  n  —  2)  u>, 

*  Communicated  hy  tlio  Author. 
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But  sin  am  (2  M  CO  —  2  ctt)  =  +  sin  am  (2  «), 

sin  «w  (2  w  o)  —  6  w)  =  +  sin  am  (6  co),  &c. 

and 

sin  CO  aw  {2nw—2co)  =  sin  aw  (K  +  2w  — 2ntt>) 

=  ±sinaw(K  +  2c«)  =  +  sin  am(— K— 2co) 

=  +  sinaw(K  — 2«j— 2K)  =  +  sinaw(K  — 2«)) 

=  +sincoaw(2«>),  sincoaw(2w«;  —  6co)  = +sincoam(6a)), 

&c. 
These  constants  therefore  may  be  all  expressed  by  the  two 
series 

sin^  am  {2  a)),  sin^am(4c«) sin^aw(n—  1)  co, 

sin^co  afn  (2  cw),  sin^  co  aw  (4  co) sin^  co  am  (w  —  1 )  w. 

Consequently  the  4  c«  in  this  theory  may  be  everywhere  re- 
placed by  2  CO ;  and  this  reduction  Jacobi  has  himself  partially 
made. 
But 
.  „  ,^    ,       cos2  am  (2  co)         1  —  sin^  am  (2  a)) 

sm-'coaw  (2co)  =  — r-s 77; — r  =  i /g  •  2    ^  /6 — T* 

^      ^        A^  aw  (2  co)        1  —  K^  sni-'  aw  (2  co) 

.0  / .    X         1  —  sin^  aw  (4  co)       „ 

sm^coaw  (4co)  = ,g  .  ^ r4 — \"»  ^^* 

^  1  —  Ar^sm-^aw  (4co) 

And  sin^aw  (4  co),  sin^  aw  (6  co),  &c.  may  all  be  expressed  by 

functions  of  sin^ aw  (2  co).     Therefore  all  the  constants  in  this 

theory  may  be  expressed  by  functions  of  sin^aw  (2  co). 

Now  sin^  am  (2co)  =  sin^  aw  (2  co  —  2  K)  =  sin^  aw  (2  co'),  if 

co'  =  CO—  K.     Let  

2rK  +  2r'K'\/-l. 
CO  =- — — > 

n 

and  make  w  =  2^  —  1,  r  — p  =  rj ;  we  have 

(2r-2»+l)K  +  2r'KV^     (2r,  + l)K  +  2r'K' ^"^ 

U)'  =  -!_ -ji :=■ — — , 

n  n 

Hence  the  second  form  of  co  reduces  to  the  first. 

Again,  

sin2aw(2cy)  =  sin2aw(2co  — 2K  — 2K'  -/  — 1)  =sin*a;ft(2t<;')> 
if  c«'  =  a;-K-K'\/^.     Let  

2rK  +  (2;-'+l)K'\/-l 

to  = ^^ •> 

n 

and  make  r/  =  r'  —  p  +  1,  r^  and  p  remaining  as  before;  we 

have  in  this  case,  

,       (2r-2p+l)K+(2r'-2;)  +  2)K'\/--l 

co'  =  

n 

(2r^  +  l)K+2i\'KW'^ 

n 
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The  third  form,  therefore,  reduces  to  the  first. 

Also,  

sin^  am  (2  w)  =  sin^  am  {2  w  —  2K.W  —  \)  =  sin^  am  (2  w'), 
if  «;'=«;— K  \/^.     Let  

(2r+l)K  +  (2;-'+l)K'\/-l 


Then 


„'  _ 


(2r4-l)K  +  (2/^-2j!;  +  2)K^-/-I 
n 
_  (2r  +  1 )  K  +  2r/K^  V  ^ 


which  reduces  the  fourth  form  to  the  first.     For,  from  what 

has  been  demonstrated,  it  follows  that 

sin^  am  (2;na;)  =jr{sin^  am  (2cy)}  =y{sin^  am  (2  to')} 

=  siu^  am  (2  m  w')  sin^co  am  (2  mw)  —f^  |sin^  am  (2  w)} 

=  /i  {sin^  am  (2  co') }  =  sin^  co  am  (2  m  w'), 
where  ;«  is  any  integer,  /  and  f  denote  certain  functions,  co 
stands  for  one  of  the  hist  three  forms  of  tliis  quantity,  and  co' 
for  the  first  form.     To  these  we  may  add 
cos^  am  (2  tn  to)  =  1  —  sin^  am  (2  w  co)  =  1  —  sin^  am  (2  m  to'/ 

=  cos^  am  {2  m  to'). 
Jacobi's  transformation  reduced  is 

dy  1      /••*■  dx 


r 

«/   0 


i/(i-y)(i-xV) 

a; 


X 


1 


s*  a  (2  w) 


1 


\^{\-x^){\-k'^x^)' 

X 


s^  a  (4  w) 


l-A:2x*s*fl(2a;)*l-yt9:i-2s2«(4co; 
0^ 


I  — 


s*a  (»— 1)  w 


«.) 


(1.) 


M 


1— ^^arVa(«— l)w 

{sin  CO  g»i  (2  w)  sin  co  am  (4a;)...  sin  coam{n—\)(uV^ 
sin  am  (2  co)  sin  flr;«  (4  w) ...  sin  am  (w  —  1)  co       j 


sin  aw  (2  co)  sin  am  (4  to) ...  sin  am  (w  —  1)  co 
A  =  /:"  {sin  £rc;aw/(2e«)sin  coaw(4co)  ...sin  coam{n—\)(uY^, 

where  tu  may  have  any  of  the  four  forms.  Let  co  again  denote 
any  of  the  lust  three  forms,  w^  the  first.  In  (1.)  and  in  ihe 
expressions  of  M  and  A,  wc  may  cliangc  co  into  co',  and  the 
values  of  all  the  coefficients  and  all  the  constants  will  remain 
unchanged.  There  is  then  but  one  transformation. 
We  easily  transform  (1.)  into 

s  r/ .  //  w/  di  I  '2  to')...  ...sa(«+(2n--2)co^) 
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Make  w=0,  2w',  4^',  &c.;  and  we  have7/  =  0.  Again,  make 
M  =  a;',  3a>',  5w',  &c.;  and  we  have  j/=  +  1.  For  the  other 
forms  of  CO  we  have 

_       sa.usa{u^-^(o) s  a  (m  +  (2  w  — 2)«))  , 

•^  ~  I<z(K^^2co)sayK-4.«)"..77.Tsfl]K'-^w^2")^^    *     ^   ^^ 

When  w=  K,  K  — 2  w,  &c.,  this  gives  3/=  +  1.  But  which 
of  these  values  falls  between  ?^  =  0,  m  =  2  w,  or  between  w  =  0, 
7/  =  2  o)',  we  cannot  tell.  We  ought,  however,  in  good  facto- 
rial formulae  to  know.  And  when  ?^  =  a;',  3  co',  &c.,  this  must 
give  7/ =  + 1  ;  because  (3.)  must  give  the  same  value  of  j/  that 
(2.)  does.  But  when  we  put  for  w'  its  value  in  co,  this  does 
not  appear;  nor  can  we  reduce  the  result,  except  for  the  second 
form  of  CO,  without  eliminating  cu,  which  would  be  equivalent  to 
reducing  (3.)  to  (2.)  But  all  these  things  ought  to  be  appa- 
rent in  the  face  of  factorial  formula?.  Other  faults  might  be 
pointed  out;  and  we  might  point  out  similar  faults  in  the  ex- 
pression of  the  value  of  \/l  — ^.  But  I  shall  not  dwell  upon 
the  subject.  If  the  last  three  forms  of  m  do  not  render  the 
values  of^  erroneous,  they  render  the  formulae  faulty.  They 
are  unnatural;  they  reduce  to  the  first  form,  and  there  is  but 
one  transformation. 

If  Mr.  Cayley  had  proved  in  his  paper  of  November  IS^I- 
all  that  he  wished,  it  would  not  follow  that  the  diflf'erent  forms 
of  «j  would  give  really  distinct  transformations.  But  his  for- 
mula (6.)  is  not  Jacobi's.    To  agree  with  his,  the  first  member 

should  be  ^^  (■jvfjj  ^^^  denominator  of  the  second 

4>  (K— 2a))  ^  (K-4a))  ...  (^  (K~  (2  «-2)  co). 

He  might  however,  by  a  suitable  modification  of  (5.),  have 
arrived  at  Jacobi's  result.     But  his  proof  of  the  possibility  of 

is  not  to  me  satisfactory.  It  is  unnecessary  to  state  my  ob- 
jections, because  he  has  not  shown  the  possibility  of 

2  7wK  +  (2m'+l)K'\/^+2rfl  =  2/AH-f  (2jifc'-f  1)H'\/^. 

The  omission  of  this  appears  to  me  very  strange.  0\  course 
the  omission  renders  his  paper  perfectly  nugatory.  For  the 
possibility  of  this  equation  does  not  follow  from  that  of  the 
former,  supposing  that  to  be  fairly  proved.  If  he  had  shown 
the  possibility  of  this  last,  I  believe  he  would  have  found  it 
necessary  to  modify  a  little  the  form  of  some  of  the  quantities 
«,  by  &c.  Moreover,  if  he  had  transformed  the  factorial  values 
of y(?^),  F  [u)  (I  use  here  Abel's  symbols),  he  might  have 
found  it  necessary  to  modify  them  still  further.     In  a  com- 
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plete  proof,  such  as  Mr.  Cayley  professes  his  to  be,  all  these 
things  ought  to  have  been  clone.     And  I  heartily  wish  he  had 
done  them,  and  done  them  rightly,  for  the  sake  of  the  result. 
Mr.  Cayley  thinks  that  his  paper  just  referred  to  will  lead 
to  the  complete  determination  of  H  and  H'.     I  think  so  too; 

CO 

and  I  say  that  H  =  ^,  and  that  this  follows  from  (2.)  of  this 

paper.  But  from  the  last  three  forms  of  eo  I  cannot  determine 
H.  And  if  I  could,  it  is  easy  to  see  from  (3.)  that  they  would 
give  different  values  to  this  quantity ;  another  proof  of  the 
faulty  nature  of  these  forms.  For  the  transformation  being 
but  one,  H  ought  to  have  but  one  value.  I  suppose  the  dif- 
ferent forms  of  w  derived  from  one  another,  as  in  this  paper. 
With  regard  to  Mr.  Cayley's  last  paper,  I  have  to  observe 

K'  \/^ 

that  I  had  made  trial  of  the  form  co  = ,  and  did  not 

3 

make  it  to  be  a  transformation.  But  on  going  over  the  subject 
again,  I  find  I  somewhere  made  a  mistake.  It  is  complemen- 
tary however,  and  makes  no  part  of  the  direct  transformation, 
although  somehow  strangely  derived  from  it,  without  the  pro- 
cess by  which  the  complementary  is  derived  from  the  direct 
one.  I  pass  over  the  rest  of  this  paper,  because  it  would  be 
an  endless  and  useless  task  to  discuss  every  minute  parti- 
cular. 

Gunthwaite  Hall,  May  13,  1845. 


XIII.  On  Fresnel's  Theory  of  Diffraclion.  By  R.  Moon, 
M.A.^  FcUffw  of  Queen's  College^  Cambi-idge,  and  of  the 
Cambridge  Philosophical  Society. 

[Continued  from  vol.  xxvi.  p.  94,  ] 

IN  a  paper  whicli  appeared  in  a  recent  Number  of  this 
Journal  (see  vol.  xxvi.  p.  89),  I  endeavoured  to  point  out 
some  remarkuble  errors  in  Fresnel's  investigation  of  the  fringes 
produced  by  an  opake  body  illuminated  from  a  single  point; 
and  in  particular  I  endeavoured  to  stigmatize  an  erroneous 
principle  of  approximation  adopted  bv  Fresnel,  and  which  I 
then  staled,  and  now  assert  to  be  such,  as  to  vitiate  every  in- 
vestigation of  that  ingenious  person  in  this  department  of 
optics.  I  thence  proceeded  to  show  that  Fresnel's  mode  of 
investigation,  when  properly  conducted,  lends  to  conclusions 
very  diil'erent  from  what  he  supposes,  and  such  in  fact  as  are 
completely  at  variance  with  the  observed  nha'uomena  which 
he  wholly  fails  to  account  for;  and  I  further  drew  the  con- 
clusion*  that  the  principle  of  small  waves  unmnaling  from  the 
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general  front  (certainly  one  of  the  most  absurd  and  chimerical 
ever  proposed)  is  untrue,  and  that  the  whole  structure  founded 
upon  it  as  a  necessary  consequence  falls  to  the  ground.  But 
let  not  the  scope  of  these  observations  be  misunderstood  :  the 
principle  in  question  has  been  represented  by  some  leading 
writers  on  this  subject  as  so  completely  part  and  parcel  of  the 
undulatory  theory*,  that  the  student  who  is  little  conver- 
sant with  these  subjects  might  suppose,  that  by  rejecting  it 
we  reject  the  theory  in  tola;  but  such  is  by  no  means  the 
case. 

The  principle  is  quite  collateral  to  the  theory.  With  the 
investigations  into  the  phaenomena  of  polarized  light  it  has 
absolutely  no  connection  whatever.  Rejecting  it  as  I  do,  I 
still  admit  and  profess  my  belief  in  the  truth  of  the  undula- 
tory theory  of  reflexion  and  refraction,  of  the  explanations  of 
the  interesting  experiments  of  the  two  mirrors  and  the  prism 
of  small  refracting  angle,  and  of  that  admirable  portion  of  the 
theory  which  relates  to  the  phaenomena  observed  in  the  sha- 
dows of  narrow  fibres  and  the  colours  of  Newton's  rings. 
But  if  there  be  any  soundness  in  the  principles  I  have  laid 
down,  the  remaining  portion  of  the  theory  of  diffraction,  the 
whole  theory  of  apertures,  and  of  the  shadows  of  extended 
bodies  must  be  entirely  rejected. 

Having  thus  explained  my  position,  I  shall  proceed  to  make 
some  further  observations  on  the  subject  of  diffraction,  partly 
with  a  view  to  a  more  complete  exposure  of  the  extraordinary 

*  One  can  hardly  resist  a  smile  at  the  extravagant  admiration  which 
someof  theee  gentlemen  have  displayed  towards  this  monstrous  hypothesis. 
Even  were  it  true  that  Fresnel's  deductions  from  his  principle  were  correct, 
that  circumstance  would  only  establish  its  truth,  as  a  curious,  indeed,  but 
isolated  and  useless  fact.  To  call  it  an  explanation  were  an  abuse  of  terms  : 
for  a  phaenoDienon  can  only  be  said  to  be  explained  when  its  occurrence  is 
traced  to  agents  whose  existence  is  known  or  probable,  and  the  mode  of 
whose  operation  is  untlerstood.  Will  any  one  pretend  to  say  that  he  can 
understand  how  a  wave  should  at  every  point  of  its  progress  push  out  other 
waves  from  every  point  of  its  front?  The  mind  of  an  angel  could  not  com- 
pass such  an  idea.  And  if  it  be  admitted  that  the  truth  of  the  proposition 
cannot  be  seen  «  jmori,  will  any  be  bold  enough  to  assert  that  they  anti- 
cipate the  time  when  such  a  |)roperty  of  luminous  waves  shall  be  proved  ? 
It  is  just  as  likely  as  that  we  should  be  able  to  prove  the  existence  of  the 
solid  epicycles  dreamt  of  by  the  ancient  i)hilosophers.  Let  me  once  for 
all  make  a  remark  which  applies  as  much  to  Fresnel's  theory  of  double 
refraction  and  to  the  labours  of  others  in  the  same  department  as  to  the 
matter  in  hand.  It  is  not  l)y  a  system  of  hap-hazard  conjectures  that  we 
are  to  expect  to  arrive  at  truth.  After  all  that  has  been  said  and  written 
about  the  "  Inductive  Philosophy,"  one  might  have  expected  that  by  this 
time  its  merits  were  pretty  well  established,  and  that  we  should  not  now 
have  to  restrain  the  vain  efforts  of  men  seeking  for  light  upon  any  other 
principles;  but  in  fact,  in  this  case  of  Fresnel's  theory,  the  whole  scientific 
world  seems  to  have  lost  sight  of  these  principles. 
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fallacies  which  have  been  worked  up  into  the  received  theory, 
but  chiefly  with  the  intention  of  giving  a  clear  view  of  the  en- 
tire subject;  and  whilst  I  disclaim  the  idea  of  endeavouring  to 
build  up  a  settled  theory  of  my  own  in  the  place  of  that  which 
I  assume  myself  to  have  destroyed,  I  propose  to  suggest 
various  considerations  which  from  time  to  time  have  occurred 
to  me,  and  which  I  have  some  hope  may  lead,  in  the  hands 
of  those  who  have  more  time  and  opportunity  for  such  re- 
searches than  are  likely  to  fall  to  my  lot,  to  the  ultimate  and 
complete  elucidation  of  the  subject. 

Recurring  to  my  former  example,  suppose  a  series  of  con- 
centric, spherical,  diverging  waves  to  be  diffracted  by  an  opake 
body  indefinitely  extended  in  all  directions  but  one.  If  we 
suppose  that  no  reflexion  takes  place  near  the  edge  of  the  dif- 
fracting body,  and  that  no  vibration  is  communicated  through 
it  to  the  aether  beyond,  or,  admitting  the  possibility  of  either 
or  botli  of  these  circumstances  occurring,  if  we  suppose  it  to 
be  ascertained,  by  experiment  or  otherwise,  that  the  phaeno- 
niena  are  in  no  degree  attributable  thereto,  it  is  evident  that 
each  wave  of  the  series  must  prolong  xX.'s^^  continuousli)  within 
the  shadow.  On  a  former  occasion  (see  vol.  xxiv.  p.  81  of 
this  Journal)  I  endeavoured  to  point  out  how,  upon  a  parti- 
cular assumption  as  to  the  nature  of  the  incident  waves,  this 
would  naturally  occur  u{)on  simple  mechanical  principles. 
But  I  conceive  the  same  would  be  true,  whatever  the  nature 
of  the  incident  wave  might  be.  For  experiment  assures  us, 
that  light  actually  penetrates  within  the  geometrical  shadow 
of  the  diffracting  body,  and  upon  the  assumptions  we  have 
above  made,  this  can  only  occur  through  an  innate  power  in 
diffi'acted  waves  of  diff'iising  themselves  laterally;  and  this 
being  the  case,  it  seems  impossible  that  such  diff*usion  should 
operate  itself  otherwise  than  continuously.  If  we  were  to  lay 
aside  the  consideration  of  any  disturbing  effect  which  the 
forces  residing  in  the  particles  of  the  diffracting  body  might 
produce  in  the  diffracted  waves,  perhaps  this  position  might 
be  stated  absolutely;  as  would  be  the  case  if  Fresnel's  con- 
clusion, that  the  diffVaction  is  independent  of  the  nature  of  the 
diffracting  body  and  the  form  of  the  edge  were  to  be  relied 
on ;  and  at  any  rate  it  is  very  difficult  to  conceive  how  these 
forces  should  tend  to  produce  discontinuity. 

Assuming  then  timt  each  extended  wave  is  continuous  up 
to  the  point  where  it  finally  terminates,  it  is  evident  that  no 
interference  can  occur,  except  tiirough  the  intersection  of 
waves  nrarljj  parallel  to  each  other,  which  would  imply,  that 
nfler  tliffVaction  the  waves  vary  from  the  spherical  form  ;  and 
that  tlii)»  ciiange  of  form  is  effected  differently  in  different 
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waves,  and  this  even  when  the  Jight  is  what  is  commonly  called 
homogeneous,  or  of  one  colour.  If  this  view  of  the  subject  be 
correct,  we  have  only  to  suppose  the  wave's  composing  light 
of  one  colour  to  be  propagated  in  the  same  ever-recurring 
cycle,  the  successive  members  of  such  cycle  being  so  related, 
that  whilst  they  possess  the  property  when  undifFracted  of 
traversing  transparent  media  with  the  same  velocity,  yet  they 
differ  from  one  another  so  far  in  the  nature  of  their  vibration 
(or,  assuming  in  order  to  fix  our  ideas  a  specific  hypothesis 
as  to  the  nature  of  the  undulations,  the  relative  condensations 
and  rarefactions  of  their  several  parts),  as  that  after  diffrac- 
tion they  change  their  forms  in  different  degrees;  and  if  we 
further  suppose  that  this  relative  change  of  form  is  so  adjusted 
as  thfit  each  wave  of  the  cycle  is  intersected  by  its  immediate 
consecutive  very  soon  after  passing  the  diffracting  body,  that 
the  loci  of  such  intersections  are  nearly  coincident  and  form 
a  hyperbolic  line  of  sensible  breadth,  and  that  the  loci  of  the 
intersections  of  each  wave,  with  its  second,  third,  &c.  conse- 
cutives,  form  other  such  lines  respectively,  laying  without  the 
former  and  each  other,  and  the  known  phaenomena  are  at 
once  accounted  for*. 

Of  the  remarkable  view  of  the  constitution  of  light  which 
this  mode  of  considering  the  subject,  if  well-founded,  unfolds 
to  us,  it  is  not  my  present  purpose  to  speak ;  I  shall  rather 
address  myself  to  the  discussion  of  two  objections  which  may 
be  urged  against  it. 

The  first  is,  that  the  lines  of  interference  actually  start  im- 
mediately from  the  edge  of  the  diffracting  body,  whereas  upon 
the  principle  above  explained,  they  can  only  occur  at  a  finite 
distance  from  it.  To  this  1  shall  only  reply,  that  assuming 
the  objection  to  be  founded  in  fsct,  of  which  I  am  disposed  to 
think  there  is  no  irrefragable  proof,  it  in  reality  amounts  to 
very  little,  for  though  the  lines  of  interference  according  to 
the  above  theory  do  really  commence  at  a  finite  distance  from 
the  edge  of  the  body,  it  is  perfectly  possible,  and  in  fact  highly 
probable,  that  such  distance  should  be  of  insensible  magni- 
tude. 

The  second  objection  to  which  I  propose  to  advert  may  to 
some  appear  to  have  more  weight,  and  1  freely  admit  that, 
■prima Jacie^  it  is  deserving  of  some  consideration.  It  is  this: 
the  change  in  the  form  of  the  waves  after  diff*raction,  to  which 
we  have  ascribed  the  interference  in  the  above  example,  and 
which  occurs  as  well  in  that  part  of  each  wave  without  the  geo* 

*  The  reader  who  may  be  desirous  of  seeing  this  mode  of  explanation 
more  elaborated,  will  find  a  somewhat  more  detailed  account  of  it  in  the 
volume  of  this  Journal  last  referred  to. 
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metrical  shadow  as  in  the  part  within  it  (since  the  interference 
with  which  we  are  now  dealing  occurs  without  the  shadow), 
can  only  take  place  through  a  change  in  the  velocity  of  trans- 
mission, whereas  it  has  generally  been  considered  that  in 
vacuo  all  waves  are  transmitted  with  the  same  uniform  velo- 
city. But  though  disposed  to  consider  it  as  approximately 
true,  that  in  vacuo  all  continuous  waves  are  propagated  with 
the  same  uniform  velocity,  I  am  by  no  means  inclined  to  admit 
that  the  remarkable  case  of  broken  waves  is  amenable  to  the 
same  rule.  I  have  elsewhere  observed  in  reference  to  this 
subject  (see  the  paper  last  referred  to),  that  "  the  present  is  a 
case  ofwave-motion  altogether  peculiar,  and  one  of  which  no 
example  has  been  hitherto  subjected  to  investigation.  All 
cases  of  wave-motion  hitherto  investigated  algebraically  (I 
might  have  added  *or  otherwise,'  unless  Fresnel's  himinojis 
theory  be  thought  an  exception  to  the  remark)  resolve  them- 
selves into  the  siuiple  case  of  the  propagation  in  the  direction 
of  the  axis  of  a  cylindrical  tube,  of  a  wave  whose  front  is  per- 
pendicular to  its  edge.  The  motion  of  a  wave  after  diffrac- 
tion may  be  assimilated  to  motion  along  a  tube  of  which  part 
of  the  side  has  been  cut  away."  Now,  though  perfectly  true 
that  in  the  former  case  the  wave  is  propagated  with  the  same 
uniform  velocity,  it  seems  very  inconceivable,  I  might  say 
perfectly  incredible,  that  in  the  latter  the  wave,  attenuated  by 
its  lateral  extension  (for  it  7nust  extend  itself  laterally),  should 
present  an  even  front  with  the  undiffracted  wave,  and  so  far, 
therefore,  from  the  change  of  form  of  tlie  waves  being  contrary 
to  received  principles,  it  is  just  what  in  the  nature  of  things  must 
take  place. 

But  that  no  one  may  suppose  Fresnel's  theory  to  be  free 
from  an  objection,  real  or  imaginary,  which  presses  upon  mine, 
I  shall  proceed  to  show,  that  even  according  to  it  the  form  of 
the  wave  is  changed  after  diffraction.  This  would  readily  ap- 
pear from  a  considera- 
tion of  the  formula  which 
Fresnel  gives  for  tlie  di- 
sturbance in  the  example 
above  discussed,  but  it  is 
manifested  with  singular 
clearness  in  the  following 
investigation,  taken  sub- 
stantially from  Mr.  Airy's 
tract  on  the  Undulatory 
Theorvi  p.  270  ct  scq. 

A  I3  a  section  of  the 
diffracting  body  by  the 
plane  of  the  paper  which 
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likewise  passes  through  the  aperture  A  B,  which  is  to  be 
considered  as  a  parallelogram  of  very  small  breadth.  [Mr. 
Airy  does  not  explicitly  state  this  fact,  but  the  investigation 
assumes  it.]  Take  AH  =  H  B,  and  let  z  be  the  point  whose 
illumination  is  to  be  considered. 

HG  =  ^,  HZ  =  c,  GHZ  =  e,  AB  =  2i. 

Considering  each  small  element  dz  o{  A  B  as  the  origin  of  a 
secondary  wave,  we  may  represent  the  vibration  at  z  by 

'|^sin^(t;^-ZG) 

/dz  .    lit ,   ^  /i\ 

—  sm  —  {^t  —  c  —  zco^  9) 
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Now  if  this  really  represented  the  intensity  at  z,  as  Mr. 
Airy  would  have  us  believe,  it  would  follow,  that  after  en- 
tering the  aperture  the  waves  cease  to  be  plane,  and  assume  a 
spherical  form,  having  the  middle  point  of  the  aperture  for 
their  centre.  Hence  it  is  plain,  that  if  the  variation  in  velo- 
city of  the  diffracted  waves  be  an  objection,  Fresnel's  theory 
is  as  much  open  to  it  as  mine*. 

The  considerations  with  reference  to  the  change  in  the  con- 
dition of  the  diffracted  waves  which  I  have  above  endeavoured 
to  unfold,  were  suggested  to  me  at  a  time  wlien  I  looked  up 
to  Fresnel  and  his  theory  with  some  portion  of  that  respect 
and  reverence  which  certain  teachers  of  the  University  of 
Cambridge  have  so  sedulously  endeavoured  to  inculcate. 
Neither  doubting  his  experimental  results,  nor  indeed  his 

*  In  discussing  the  above  example,  I  have  not  thought  proper  to  advert 
to  the  erroneaiis  approximation  contained  in  it,  which  1  have  elsewhere 
sufficiently  considered,  and  which  is  such  as  to  render  it  totally  valueless. 
But  I  may  observe,  that  not  only  is  the  formula  for  the  intensity  incorrectly 
deduced  from  the  premises  laid  down,  but  it  is  itself  untrue.  For,  accord- 
ing to  that  formula,  we  ought  to  have  a  series  of  maxima  and  minima  in  the 
plane  of  the  paper  and  nowhere  else,  whereas  it  is  very  certain  that  the 

rincipal  maxima  and  minima  would  not  occur  in  the  plane  of  the  paper. 

t  is  obvious  that  the  screen  would  be  crossed  by  bands  parallel  to  the 
length  of  the  aperture,  and  therefore  in  a  plane  perpendicular  to  the  plane 
of  the  paper,  as  Mr.  Airy  himself  afterwards  admits  (see  art.  78  of  his  trea- 
tise). 

E2 
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theory,  so  far  as  it  went  (which  in  the  way  o^  explanation  was 
not  a  great  way),  I  was  led  to  the  above  conchisions  while  in 
search  of  a  more  intelligible  mode  of  accounting  for  the  phee- 
nomena  than  Fresnel's  appeared  to  be,  and  which  I  naturally 
sought  in  the  only  direction  in  which,  assuming  the  trust- 
worthiness of  his  experiments,  it  could  be  found,  namely  by 
consideration  of  the  effect  of  the  diffraction  of  the  waves  them- 
iselves  abstracted  from  any  specific  action  of  thq  diffracting 
body.  But  I  must  confess  that  since  that  time  my  faith  in 
Fresnel's  merits  as  an  experimentalist,  as  well  as  a  theorist, 
have  been  greatly  shaken,  and  that  I  do  not  feel  the  degree 
of  confidence  which  I  once  entertained  as  to  the  truth  of  the 
position  which  he  assumes  himself  to  have  established  by  ex- 
periment, "  that  diffraction  is  independent  of  the  nature  of  the 
diffracting  body  and  of  the  form  of  its  edge."  But  if  this  be 
not  the  case.  Dr.  Young's  theory  of  diffraction  is  at  once 
revived ;  and  thus  this  point  of  tact  forms  an  experiinentum 
crucis  as  to  whether  his  theory  or  mine  is  to  be  received.  If 
Fresnel's  conclusion  be  contrary  to  the  fact,  and  the  diffrac- 
tion is  dependent  on  the  nature  of  the  diffracting  body,  my 
theory  cannot  well  be  true  and  his  cannot  well  be  false,  and 
vice  versa.  But  whatever  be  the  conclusion  we  may  ultimately 
come  to  upon  this  point,  and  to  experimentalists  I  leave  it, 
the  above  suggestions  may  not  be  without  their  use;  first,  as 
directing  attention  to  the  nature  of  the  motion  of  discontinue 
ous  waves,  a  subject  which  has  never  hitherto  been  discussed 
in  any  intelligible  manner;  and  secondly,  as  thereby  affording 
a  clearer  and  more  certain  elucidation  than  has  ever  yet  been 
given  of  that  remarkable  phaenomenon  usually  referred  to,  by 
saying  that  "light  will  not  penetrate  round  a  corner.'' 

I  hope  to  have  an  opportunity  at  an  early  period  of  enter- 
ing upon  the  consideration  of  Fresnel's  theory  ol  polarized 
light  and  of  double  refraction. 

10  Maddox  Street,  Bond  Street, 
June  13,  1845. 
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ing  the  theory  of  DeCandolle,  in  which  the  deterioration  experienced 
by  most  crops  on  their  repetition  was  attributed  to  the  deleterious 
influence  of  their  root- excretions.  For  this  purpose  he  set  apart, 
ten  years  ago,  a  number  of  plots  of  ground  in  the  Botanic  Garden 
at  Oxford;  uniform  as  to  quality  and  richness,  one-half  of  which 
was  planted  each  year,  up  to  the  present  time,  with  the  same  species 
of  (irop,  ahd  the  other  half  with  the  same  kinds,  succeeding  each 
other  in  sUch  a  manner  that  no  one  plot  should  receive  the  same 
crop  twice  during  the  time  of  the  continuance  of  the  experiments, 
or  at  least  not  within  a  short  period  of  one  another.  The  difference 
in  the  produce  obtained  in  the  two  crops,  under  these  circumstances, 
AVould,  the  author  conceived,  represent  the  degree  of  influence 
ascribable  to  the  root-excretions. 

The  results  obtained  during  the  first  few  years  from  these  experi- 
tnerits,  as  well  as  from  the  researches  which  had,  in  the  mean  time, 
been  cortimunicated  to  the  world  by  M.  Braconnot  and  others  on 
the  saUie  subject,  led  him  in  a  great  measure  to  abandon  this  theory, 
and  to  seek  for  some  other  mode  of  explaining  the  falling  off"  of  crops 
ori  repetition.  In  ordet  to  clear  up  the  matter,  he  determined  to 
ascertain,  for  a  series  of  years,  not  only  the  amount  of  crop  which 
would  be  obtained  from  each  of  the  plants  tried  under  these  two 
systems,  but  also  the  quantity  of  inorganic  matters  extracted  in  each 
case  from  the  soil,  and  the  chemical  constitution  of  the  latter,  which 
had  furnished  these  ingredients.  The  chemicdl  examination  of  the 
crops,  however,  on  account  of  the  labour  it  involved,  was  confined 
to  six  out  of  the  tiumbel*  of  the  plants  cultivated  ;  and  of  these,  three 
samples  were  analysed,  the  first  being  the  permanent  one,  viz.  that 
cultivated  for  nine  Or  ten  successive  years  in  the  same  plot  of 
ground ;  the  second,  the  shifting  one,  obtained  from  a  plot  which 
had  borne  different  crops  in  the  preceding  years;  the  third,  the 
standard,  derived  from  a  sample  of  average  quality,  grown  under 
natural  circumstances,  either  in  the  Botatiic  Garden  itself,  or  in  the 
neighbourhood  of  Oxford.  These  analyses  were  performed  by  Mr. 
Way,  formerly  assistant  to  Professor  Graham,  Of  University  Col- 
lege, London,  and  liOw  attached  to  the  Agricultural  College  near 
Cirencester. 

The  examinatioh  of  the  soils  was  carried  on  in  two  ways ;  the 
first,  With  the  view  of  estimating  the  entire  amount  of  their  avail- 
able ingredients ;  and  the  second,  with  that  of  ascertaining  the  quan- 
tity in  a  state  to  be  taken  up  at  once  by  plants,  the  available  ingre- 
dients being  those  which  are  soluble  in  muriatic  acid ;  the  active 
ones,  those  which  arc  taken  up  by  water  impregnated  with  carbonic 
acid  gas.  This  portion  of  the  investigation  was  conducted  in  part 
by  the  author,  and  in  part  by  Mr.  Way,  and  has  reference  to  three 
subjects ;  first,  to  the  amount  of  produce  obtained  from  the  deficient 
crops ;  secondly,  to  their  chemical  constitution  ;  and  thirdly,  to  the 
nature  of  the  soil  in  which  the  crops  were  severally  grown. 

The  plants  experimented  upon  were  spurge,  potatoes,  barley,  tur- 
nips, hemp,  flax,  beans,  tobacco,  poppies,  buckwheat,  clover,  oats^ 
beet,  mint,  endive,  and  parsley^    The  only  crop  which  seemed  to 
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show  the  influence  of  root-excretions  was  EupJtorbia  Lathyris,  which 
would  not  grow  in  the  same  ground  three  years  successively,  al- 
though the  soil  was  found  afterwards  fitted  for  rearing  several  other 
species  of  plants.  In  the  remaining  cases,  there  was  in  general  a 
marked  difference  between  the  permanent  and  the  shifting  crop,  to 
the  disadvantage  of  the  former ;  and  where  exceptions  occurred  to 
this  rule,  they  seemed  capable  of  being  accounted  for  by  accidental 
causes.  The  amount  of  each  year's  crop  is  given  in  a  tabular  form, 
and  their  differences  illustrated  by  diagrams  showing  the  relation 
between  the  two  crops  of  each  vegetable. 

The  second  part  of  the  memoir  commences  with  an  account  of  the 
method  of  analysis  pursued  by  the  author  for  determining  the  nature 
and  proportions  of  the  ingredients  present  in  the  ashes  of  the  crops 
submitted  to  examination.  This  method  was,  in  general,  similar  to 
that  recommended  by  Will  and  Fresenius  in  their  paper  published 
in  the  Memoirs  of  the  Chemical  Society  * ;  but  in  determining  the 
amount  of  phosphoric  acid,  the  following  mode  was  adopted  in  pre- 
ference to  the  one  therein  given. 

As  the  phosphoric  acid  would  seize  upon  the  iron  in  preference 
to  any  other  base,  the  amount  of  peroxide  of  iron  present  in  the  ash 
was  first  determined  by  precipitating  it  from  a  muriatic  solution  by 
means  of  acetate  of  ammonia.  The  weight  of  the  precipitate  gives 
that  of  phosphate  of  iron,  from  which  that  of  the  peroxide  of  iron 
may  be  readily  calculated.  This  being  ascertained,  he  proceeds  to 
determine  the  phosphoric  acid  by  operating  on  a  fresh  portion  of 
the  solution  of  the  ash,  into  which  a  certain  known  weight  of  iron 
dissolved  in  muriatic  acid  is  introduced,  in  quantity  more  than  suffi- 
cient to  unite  with  the  whole  of  the  phosphoric  acid  present.  This 
done,  acetate  of  ammonia  is  added  and  the  mixture  boiled,  when  all 
the  peroxide  of  iron,  whether  combined  with  phosphoric  acid  or  not, 
is  thrown  down.  From  the  weight  of  the  precipitate,  that  of  the 
phosphoric  acid  present  may  be  calculated,  as  both  the  anjount  of 
peroxide  of  iron  present  in  the  ash,  and  that  which  was  added  sub- 
sequently, are  known. 

A  report  is  then  given  of  the  analysis  of  the  ashes  of  barley,  of 
the  tubers  of  potatoes,  of  the  bulbs  of  turnips,  of  hemp,  of  flax,  and 
of  beans,  all  cultivated  in  the  Botanic  Garden ;  and  from  the  data 
thus  obtained,  the  quantity  of  inorganic  matters  abstracted  from  the 
soil  in  ten  years  by  the  above  crops  is  deduced :  and  a  table  is  given 
showing  the  relation  between  the  permanent  and  shifting  crops,  with 
respect  to  their  produce,  the  amount  of  inorganic  matters,  that  of 
alkali,  and  tliat  of  phosphates,  contained  in  thcni. 

In  the  third  part  of  his  paper,  the  author  considers  the  chemical 
composition  of  tiie  soil  in  which  the  above-nmntioned  crops  were 
grown.  He  states,  in  the  first  place,  tiie  method  he  adopted  for  de- 
termining the  amount  of  phosphoric  acid  preN(>nt  in  tlu;  soil. 

An  analysis  is  then  given  of  the  soil  taken  from  a  portion  of  the 
garden  contiguous  to  that  in  which  tin;  experiments  were  carried  on, 
mid  from  one  of  the  plots  of  the  garden  itself,  and  from  these  data 
•  See  I'hil.  Mag.  8. 3.  vol.  xx,v.  p.  600. 
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a  calculation  is  made,  that  the  ground  at  present  contains  enough 
phosphoric  acid  for  nineteen  crops  of  barley  of  the  same  amount  as 
the  average  of  those  of  the  permanent  crops,  and  of  the  same  quality 
as  that  obtained  in  1844.  It  was  also  found,  that  there  was  a  supply 
of  potass  sufficient  for  fifteen  crops  of  barley  ;  of  soda,  for  forty-five  ; 
and  of  magnesia,  for  thirty-four.  When,  however,  we  examine  how 
much  of  these  ingredients  is  taken  up  by  water  containing  carbonic 
acid,  the  proportion  of  each  is  found  to  be  much  smaller ;  and  a 
striking  difference  exists,  in  this  respect,  between  the  soil  which  had 
been  recently  manured  and  that  which  had  been  drawn  upon  by  a 
succession  of  crops.  In  the  first  case,  the  quantity  of  alkaline  sul- 
phate obtained  in  the  pound  was  3*4  grs. ;  in  the  latter  it  varied  from 
0"7  to  0"07  ;  and  of  phosphate,  the  quantity  in  the  former  was  about 
0*3,  whilst  in  the  latter  it  varied  from  0*18  to  0*05. 

From  these  facts  the  author  concludes,  first,  that  the  falling  off  of 
a  crop  after  repetition  depends,  in  some  degree,  on  the  less  ready 
supply  of  certain  of  the  inorganic  ingredients  which  it  requires  for 
its  constitution ;  but  that  two  crops  equally  well  supplied  by  the  soil 
with  these  ingredients  may  take  up  different  quantities  of  them,  ac- 
cording as  their  own  development  is  more  or  less  favoured  by  the 
presence  of  organic  matter  in  the  soil  in  a  state  of  decomposition. 

Secondly,  that  it  is  very  jwssible  that  a  field  may  be  unproduc- 
tive, although  possessing  abundance  of  all  the  ingredients  required 
by  the  crop,  owing  to  their  not  being  in  a  sufficiently  soluble  form, 
and  therefore  not  directly  available  for  the  purposes  of  vegetation : 
so  that,  in  such  a  case,  the  agriculturist  has  his  choice  of  three 
methods ;  the  first,  that  of  imparting  to  the  soil,  by  the  aid  of  manure, 
a  sufficient  quantity  of  these  ingredients  in  a  state  to  be  immedi- 
ately taken  up ;  the  second,  that  of  waiting  until  the  action  of  de- 
composing agents  disengages  a  fresh  portion  of  those  ingredients 
from  the  soil  (as  by  letting  the  land  remain  fallow) ;  and  the  third, 
that  of  accelerating  this  decomposition  by  mechanical  and  chemical 
means. 

Thirdly,  that  it  is  probable  that  in  most  districts  a  sufficient 
supply  of  phosphoric  acid  and  of  alkali  for  the  purposes  of  agricul- 
ture lies  locked  up  within  the  bowels  of  the  earth,  which  might  be 
set  at  liberty  and  rendered  available  by  the  application  of  the  arti- 
ficial means  above  alluded  to. 

Fourthly,  that  the  aim  of  nature  seems  to  be  to  bring  into  this 
soluble,  and  therefore  available  condition,  these  inorganic  substances 
by  animal  and  vegetable  decomposition,  and  therefore  that  we  are 
counteracting  her  beneficial  efforts  when  we  waste  the  products  of 
this  decomposition  by  a  want  of  due  care  in  the  preservation  of  the 
various  excrementitious  matters  at  our  disposal. 

Fifthly,  that  although  we  cannot  deny  that  plants  possess  the 
power  of  substituting  certain  mineral  ingredients  for  others,  yet  that 
the  limits  of  this  faculty  are  still  imperfectly  known,  and  the  degree 
in  which  their  healthy  condition  is  affected  by  the  change  is  still  a 
Hiiatter  for  further  investigation. 

Lastly,  that  the  composition  of  various  plants,  as  given  in  this 
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paper,  diflfere  so  widely  from  that  reported  by  Sprengel  and  others, 
that  we  are  supplied  with  an  additional  argument  in  favour  of  the 
importance  of  having  the  subject  of  ash-analysis  taken  up  by  a 
public  body,  such  as  the  Royal  Agricultural  Society  of  England, 
possessed  of  competent  means  and  facilities  for  deciding  between  the 
conflicting  authorities,  and  gttpplying  us  with  b>  more  secure  basis  for 
future  calculations. 
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April  20,  1844.— On  the  Transport  of  Erratic  Blocks.  By  W. 
Hopkins,  M.A..  F.R.S.  &c. 

The  principal  object  of  this  paper  is  to  investigate  the  transport- 
ing power  of  currents  of  water  in  general,  and  to  explain  in  parti- 
cular the  nature  of  those  which  would  arise  from  the  instantaneous 
or  paroxysmal  elevation  of  any  considerable  extent  of  the  earth's  sur- 
face lying  beneath  the  surface  of  the  sea.  The  author  has  termed 
them  elevation  currents.  The  immediate  effect  of  an  elevation  like 
that  just  supposed,  would  be  the  elevation  to  a  nearly  equal  height, 
of  the  surface  of  the  superincumbent  water,  whence  a  great  wave 
would  diverge  in  all  directions.  Such  a  wave  would  be  attended  by 
a  current  in  the  direction  of  the  wave's  propagation,  and  has  thence 
been  called  a  wave  of  translation.  When  such  a  wave  proceeds  along 
a  uniform  canal,  Mr,  Russell  has  established  experimentally  the  fol- 
lowing facts : — 

1 .  Every  particle  in  the  same  transverse  section  of  the  canal  has 
the  same  motion. 

2.  The  velocity  with  which  the  Wave  is  propagated  is  equal  to  that 
due  to  half  the  height  of  the  crest  of  the  wave  above  the  bottom  of 
the  canal. 

From  these  data  the  author  has  calculated  the  velocity  of  the  cur- 
rents which  would  necessarily  attend  these  waves  of  elevation.  It 
depends  principally  on  the  height  of  the  elevation  and  the  depth  of 
the  sea,  while  the  time  during  which  the  current  will  flow,  dejjends 
principally  on  the  extent  of  the  elevated  area  and  the  depth  of  the 
sea.  ilius  if  the  depth  of  the  sea  should  be  300  feet,  and  the  height 
of  the  crest  of  the  wave  above  the  even  surface  of  the  sea  (which  may 
be  considered  as  approximately  the  same  as  the  elevation  of  the  sud- 
denly raised  area)  should  be  50  feet,  the  wave  would  be  propagated 
with  a  velocity  of  upwards  of  70  miles  an  hour,  and  the  attendant 
current  would  be  upwards  of  1 0  miles  an  hour.  Also,  if  the  elevated 
area  were  circular,  the  width  of  the  wave  would  exceed  the  radius 
of  the  circle.  The  wave  would  have  the  essential  character  of  a  tidal 
iravc  termed  a  bore,  cxccjjt  that  it  diverges  in  all  directions^  instead 
of  proceeding  along  a  confined  channel. 

ITic  author  next  proceeds  to  calculate  the  motive  power  of  currents 
of  water.  liCt  o  be  the  velocity  of  the  current,  p,  the  density  of  the 
water,  and  S  the  area  of  a  plane  surface  on  which  the  current  acts, 
tad' to  placed  08  to  make  an  angle  fl  with  the  direction  of  the  cur- 
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rent ;  then  if  R  denote  the  whole  normal  action  of  the  current  on  S, 
"we  have 

R  =  i!!p,Ssin2fl, 

provided  9  do  not  deviate  too  much  from  90°.  "When  fl  =  90°  the 
truth  of  this  formula  has  been  proved  by  numerous  experiments,  for 
all  velocities  up  to  11  or  12  miles  an  hour,  and  may  be  assumed  to 
hold,  at  least  approximately,  for  still  greater  velocities.  It  has  also 
been  proved  experimentally  to  be  approximately  true  for  any  value 
of  d  not  differing  by  more  than  45°  from  a  right  angle,  as  is  the  case 
in  the  applications  made  of  the  formula. 

The  velocity  of  the  current  just  sufficient  to  move  a  block  will  de- 
pend on  the  volume,  the  specific  gravity,  and  the  form  of  the  block. 
If  the  block  slide,  much  will  depend  on  the  nature  of  the  surface 
over  which  it  is  transported,  and  thus  a  very  uncertain  element  will 
be  introduced  into  the  calculations.  This  uncertainty,  however,  will  be 
in  a  great  degree  removed  if  we  calculate  the  force  sufficient  to  make 
the  block  roll.  Each  block  would  present  a  separate  problem  if  it 
were  required  to  find  accurately  the  current  necessary  to  move  it, 
but  as  great  accuracy  is  not  necessary  in  the  cases  here  contem- 
plated, it  is  sufficient  to  make  the  calculations  for  a  few  determinate 
and  simple  forms  as  those  to  which  more  irregular  forms  may  be  re- 
ferred with  a  sufficient  approximation  to  accuracy.  Thus  the  author 
has  considered  the  cases  of  blocks  whose  sections  perpendicular  to 
their  length  are  squares,  pentagons,  hexagons,  &c.,  and  has  calcu- 
lated their  dimensions,  that  a  current  of  about  10  miles  an  hour 
might  just  be  sufficient  to  make  them  move  by  rolling.  Assuming 
the  specific  gravity  of  the  blocks  to  be  25,  we  have  the  following 
results : — 

1.  A  parallelopiped. 

Side  of  the  square  section  perpendicular  to  its  length  =  2*73  feet. 

2.  A  pentagonal  prism. 

Side  of  the  pentagonal  section  perpendicular  to  its  length  =  2'27 
feet. 

3.  A  hexagonal  prism. 

Side  of  hexagonal  section  perpendicular  to  its  length  :=  2'3  feet. 

"When  the  motion  takes  place,  as  here  supposed,  in  a  direction 
perpendicular  to  the  length  of  the  block,  the  efficiency  of  the  cur- 
rent to  move  it  will  evidently  be  independent  of  the  length  of  the 
block.  If  we  suppose  the  length  of  the  parallelopiped  to  be  equal 
to  the  side  of  a  section  of  it  taken  as  above,  it  becomes  a  cube ;  and 
if  we  take  the  lengths  of  the  blocks  in  the  other  two  cases  to  be 
equal  to  twice  the  length  of  the  sides  of  their  sections  respectively, 
their  lengths  will  not  much  exceed  their  heights.  Then  the  weights 
of  the  blocks  will  be  1|^  ton  in  the  first,  nearly  3  tons  in  the  second, 
and  upwards  of  4  tons  in  the  third  case.  Again,  if  the  block  be  an 
oblate  spheroid  resting  with  its  axis  vertical,  and  the  polar  axis 
=  fths  of  the  equatorial  diameter,  the  current  of  about  10  miles  an 
hour  will  just  make  it  roll  if  its  height  be  about  2  feet,  and  its  weight 


58  Cambridge  Philosophical  Society. 

about  4  tons.  If  the  polar  axis  =  f  ths  of  the  equatorial  diameter, 
the  block  will  be  just  moved,  provided  its  height  be  3^  feet  and  its 
weight  14  or  15  tons. 

In  this  part  of  the  investigation  it  is  shown  that  the  power  of 
rapid  currents  to  transport  blocks  of  enormous  magnitude  is  per- 
fectly consistent  with  the  almost  inappreciable  power  of  currents  of 
which  the  velocity  does  not  exceed,  for  instance,  2  miles  an  hour ; 
for  it  is  shown  that  the  weight  of  a  block  of  given  form  and  specific 
gravity,  which  may  thus  be  moved,  varies  as  the  6th  power  of  the  velo- 
city of  the  current.  Thus  if  a  current  of  10  miles  an  hour  will  just 
move  a  block  of  a  certain  form,  whose  weight  is  5  tons,  a  current  of 
15  miles  an  hour  would  move  a  block  of  similar  form  of  upwards  of 
55  tons.  A  current  of  20  miles  an  hour  would,  according  to  the 
same  law,  move  a  block  of  320  tons,  while  a  current  of  2  miles  an 
hour  would  scarcely  move  a  small  pebble. 

In  the  previous  calculations  the  relation  between  the  magnitude  of 
the  block  and  the  velocity  of  the  current  has  been  determined  on  the 
supposition  that  the  current,  at  the  instant  it  acquires  its  greatest 
velocity,  shall  just  be  able  to  move  the  block,  which  would  again  be 
left  at  rest  without  being  moved  through  any  sensible  space.  If  the 
velocity  be  greater  or  the  mass  smaller,  the  block  will  be  transported 
to  a  distance  which  the  author  has  calculated.  Let 
Ua  be  the  velocity  of  a  current  just  sufficient  to  move  an  assigned 

block ; 
Vi  the  velocity  of  the  transporting  current  acting  on  the  above  block, 

w,  being  greater  than  y,, ; 
/  the  breadth  of  the  great  wave  of  translation  producing  the  current ; 
h  the  height  of  the  highest  point  of  the  wave  above  the  level  of  the 

ocean; 
H  the  depth  of  the  ocean  ; 
9  the  space  through  which  the  block  is  transported  by  the  'wave. 

The  following  Table  gives  corresponding  values  of  these  quanti- 
ties. The  last  column  gives  the  corresponding  value  of  the  space  (s^) 
through  which  a  particle  of  the  water,  or  any  body  floating  in  the 
water,  will  be  carried  by  the  wave.   The  expressions  for  s  and  s^  are 

V  being  much  greater  than  u,.     [See  opposite  page.] 

In  estimating  the  magnitude  of  a  block  which  may  be  moved  by  a 
given  current,  the  transport  is  sujjposed  to  take  place  over  a  hori- 
zontal surface  sufficiently  hard  and  even  fur  the  block  to  roll  upon  it 
without  impediment.  In  other  states  of  the  surface  the  transport 
might  be  more  or  less  impeded.  The  constant  action  of  denuding 
causes  would  be  iiighly  favourable  to  the  transport  by  the  successive 
removal  of  local  impediments.  The  author  conceives  that  the  ob- 
jection to  this  mode  of  transport,  founded  on  inequalities  of  surface 
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which  now  exist  between  the  originsJ  site  of  a  block  and  its  present 
position,  have  been  far  too  much  insisted  on  by  some  geologists, 
for,  he  contends,  such  inequalities  could  not  generally  exist  under 
the  continued  action  of  denuding  causes,  among  the  most  powerful 
of  which  may  be  reckoned  the  transporting  currents  themselves. 

It  should  be  remarked,  that  it  appears  from  the  values  of  s  given 
in  the  preceding  table,  that  the  space  through  which  any  consider- 
able block  could  be  moved  by  a  single  wave  of  elevation,  is  only 
equal  to  a  small  fraction  of  the  breadth  of  the  wave.  Consequently, 
if  such  a  block  has  been  moved  by  this  agency  to  a  considerable  di- 
stance from  its  original  site,  the  transport  must  have  been  effected  by 
a  repetition  of  transporting  waves ;  and,  therefore,  since  a  wave  of 
considerable  height  can  only  be  produced  by  a  sudden  elevation,  this 
theory  of  transport  is  ultimately  associated  with  the  theory  which 
attributes  the  more  marked  phsenomena  of  geological  elevation  to  a 
repetition  oi paroxysmal  movements. 

The  author  concludes  with  some  general  observations  on  the  evi- 
dence by  which  we  may  hope  to  distinguish  between  the  effects  of 
the  three  different  agencies  to  which  the  transport  of  blocks  may  be 
attributed — glaciers,  floating  ice,  and  currents  of  water.  Large  an- 
gular blocks  in  the  immediate  neighbourhood  of  glacial  mountains 
(such  as  the  alpine  blocks)  may  doubtless,  in  many  cases,  be  referred 
to  glaciers,  while  the  transport  of  similar  blocks  to  great  distances 
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may  be  referred  to  floating  ice.  Smooth  rounded  blocks  of  smaller 
dimensions,  especially  when  spread  out  with  other  detrital  matter  in 
layers  of  considerable  horizontal  extent,  the  author  would  refer  to 
the  action  of  aqueous  currents. 


roVal  astronomical  society. 

[Continued  from  vol.  xxvi.  p.  361.] 

February  14,  1845. — Extracts  from  the  Report  of  the  Council  of  the 
Astronomical  Society  to  the  Annual  General  Meeting. 

To  her  Majesty's  Government  we  have  to  express  our  obligations 
for  printing  in  our  Memoirs,  at  the  public  expense,  the  late  Professor 
Henderson's  right  ascensions  of  prmeipal  fixed  stars,  deduced  from 
observations  made  at  the  Cape  of  Good  Hope  in  1832  and  1833.  It 
has  been  a  fixed  rule  with  the  Council  not  to  print  in  the  Memoirs 
the  official  transactions  of  public  observatories ;  and  they  are  happy 
to  say  that  administrations  of  all  parties,  and  also  the  Directors  of 
the  East  India  Company,  have  always  recognised  the  reasonableness 
of  this  rule,  the  instant  the  grounds  on  which  it  was  made  were 
brought  before  them. 

The  Council  have  received  from  Mr.  Baily's  executors  the  manu- 
script details  of  the  Cavendish  experiment. 

In  the  month  of  March  last,  Dr.  Lee  requested  that  the  Society 
would  accept  the  perpetual  advowson  of  the  Vicarage  of  Stone,  near 
Hartwell.  The  grant  is  now  enrolled  according  to  the  statute.  This 
is  the  second  gift  of  an  advowson  from  Dr.  Lee,  to  whom  the  Society 
is  under  many  other  obligations,  and  who  has  shown  an  incessant 
interest  in  its  welfare,  not  only  by  munificent  contributions  to  its 
funds,  its  library,  and  its  collection  of  instruments,  but  by  active 
personal  services  extending  over  many  years. 

Among  the  losses  by  death,  your  Council  have  to  regret  Captain 
Ba«il  Hall,  Professor  Henderson^  and  Mr.  J.  Frodsham. 

Memoir  o/ Professor  Henderson. 

At  none  of  its  former  anniversary  meetings  has  this  Society  had 
cause  to  deplore  heavier  losses  than  those  it  has  sustained  in  the 
past  year.  The  death  of  its  president,  Mr.  13aily,  was  followed,  at 
a  short  interval,  by  that  of  Professor  Henderson  of  Edinl)urgh ;  an 
aatronomcr  of  first-rate  merit,  and  otie  who,  for  many  years,  has 
been  conspicuously  distinguished  among  u.s  by  the  frequency  ntid 
importance  of  his  contributions  to  our  publications.  His  services 
to  the  cause  for  which  we  are  associated  have  been,  indeed,  of  no 
ordinary  kind  ;  and,  although  prematurely  terminated,  have  entitled 
him  to  a  high  place  among  the  most  deserving  of  our  members.  It 
bccomc«,  therefore,  a  duty  we  owe  to  his  memory  to  rccajiitulatc 
in  thi»  Ilcport  his  principal  claims  to  our  gratitude,  and  to  place  on 
record  ft  few  i)articularfl  of  his  personal  history ;  ns  will  to  testify 
our  respect  for  his  eminent  merits,  fts  to  gratifv.  however  imperfectly, 
the  desire  whioh  will  be  felt  to  know  something  of  the  life  and  oha- 
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racter  of  one  whose  labours  will  henceforth  form  part  of  the  annals 
of  astronomy. 

Thomas  Henderson  was  bom  at  Dundee  on  the  28th  of  December, 
1798.  His  father  was  a  tradesman  in  respectable  circumstances, 
who  died  early  in  life,  leaving  to  the  care  of  his  widow  a  family  con- 
sisting of  two  sons  and  three  daughters.  The  eldest  son,  John,  was 
bred  to  the  legal  profession ;  and,  after  practising  for  some  time  as 
a  writer  in  Dundee,  went  to  Edinburgh,  where  he  studied  for  the 
bar,  and  was  rapidly  rising  to  distinction  as  an  advocate,  when  he 
died  suddenly,  at  the  age  of  thirty-eight,  of  aneurism  of  the  heart. 
Thomas,  the  other  son,  and  the  youngest  of  the  family,  was  destined 
also  for  the  profession  of  the  law,  and  had  the  advantage  of  receiving 
the  best  education  which  could  be  obtained  in  a  town  which  has  long 
been  distinguished  in  Scotland  for  the  excellence  of  its  public  schools. 
After  the  usual  preliminary  instruction,  he  was  sent,  at  the  age  of 
nine,  to  the  grammar-school,  where  he  pursued  the  usual  course  of 
classical  study  during  four  years,  and  was  distinguished  by  his  dili- 
gence and  quickness  of  apprehension.  l)eing  generally  the  dux  of  his 
class.  In  1811,  he  proceeded  to  the  Academy,  where  he  continued 
two  years  longer.  The  Dundee  Academy  was  at  that  time  under 
the  very  able  rectorship  of  Mr.  Duncan,  now  Professor  of  Mathema- 
tics in  the  University  of  St.  Andrew's.  The  course  of  instruction 
included  elementary  mathematics,  natural  philosophy,  and  chemistry ; 
and  young  Henderson  passed  through  the  complete  course  with  the 
same  distinction  which  had  marked  his  progress  at  the  grammar- 
school.  Professor  Duncan,  in  a  letter  to  the  writer  of  this  notice, 
bears  the  following  testimony  to  the  merits  of  his  former  pupil, 
"  The  two  Hendersons,"  he  says,  "  were  the  best  scholars  I  had  in 
the  whole  period  of  my  incumbency.  Vou  are  aware,  I  suppose, 
that  John  became  distinguished  at  the  bar,  and  was  only  prevented. 
by  an  early  death,  from  rising  to  great  eminence.  Thomas,  the  fu- 
ture astronomer,  was  remarkable  for  every  thing  that  was  good, — 
the  diligence  and  success  with  which  he  prepared  his  lessons,  the 
exactness  with  which  he  performed  the  exercises,  the  propriety  and 
modesty  of  his  demeanour," 

At  the  age  of  fifteen  he  was  placed  in  the  office  of  Mr.  Small,  a 
writer  (or  solicitor)  in  Dundee,  with  whom  his  brother  had  entered 
into  partnership.  In  this  situation  he  remained  six  years ;  and  it 
appears  to  have  been  during  this  period  that  he  began  to  devote  his 
leisure  hours  to  the  study  of  astronomy,  though  the  particular  cir- 
cumstance, or  accident  (if,  indeed,  there  were  any  other  cause  than 
the  promptings  of  a  naturally  active  and  inquisitive  mind),  which 
first  gave  this  direction  to  his  inquiries  is  not  known.  During  his 
attendance  at  the  Academy,  and  even  at  an  earlier  date,  he  had 
evinced  a  remarkable  predilection  for  works  relating  to  geography 
and  ohrpnology ;  and  his  taste  for  these  studies  was  pften  gratified 
at  the  expense  of  his  health,  for  he  was  naturally  of  a  weakly  oon-^ 
stitution,  and  subject  to  some  disorder  pf  the  eyes,  which  at  time^ 
rendered  him  nearly  blind.  From  these  subjects  to  astronomy  the 
transition  is  easy  and  natural ;  and,  although  he  received  no  aid 


62  Royal  Astronomical  Society. 

from  the  lessons  of  a  master,  and  had  no  encouragement  from  exam- 
ple, yet,  in  a  town  which  could  boast  of  being  the  birth-place  of 
Ivory,  and  in  which  Dr.  Small,  the  expositor  of  Kepler,  had  so  long 
resided,  it  may  be  supposed  there  would  prevail,  among  the  better- 
informed  classes  of  the  inhabitants,  some  general  sentiment  of  respect 
for  proficiency  in  astronomy  and  mathematics,  which  might  not  be 
without  its  influence  on  a  mind  possessing  a  peculiar  aptitude  for 
such  studies.  However  this  may  be,  the  fact  deserves  to  be  re- 
corded, as  an  instance  of  what  may  be  done  under  circumstances  ap- 
parently the  most  adverse,  that  it  was  while  employed  as  an  attor- 
ney's clerk  in  a  provincial  town,  that  he  laid  the  foundations  of  that 
extensive  acquaintance  with  astronomy  for  which  he  became  after- 
wards so  distinguished. 

Having  gone  through  a  six  years'  apprenticeship,  Mr.  Henderson, 
at  the  age  of  twenty-one,  repaired  to  Edinburgh  for  the  purpose  of 
completing  his  legal  education  and  obtaining  professional  employ- 
ment. He  first  obtained  a  situation  in  the  law  office  of  a  Writer  to 
the  Signet,  where  his  intelligence  and  abilities  were  remarked  by 
Mr.  (now  Sir  James)  Gibson  Craig,  who  became  his  steady  patron 
and  friend,  and  by  whose  recommendation  he  was  appointed  secre- 
tary, or  Advocate's  clerk,  to  the  celebrated  John  Clerk,  afterwards 
one  of  the  judges  of  the  Supreme  Court  of  Scotland,  under  the  title 
of  Lord  Eldin.  On  Lord  Eldin's  retirement  from  the  bench,  he  was 
for  some  time  private  secretary  to  the  Earl  of  Lauderdale  ;  an  office 
which  he  relinquished  for  the  more  profitable  appointment  of  secre- 
tary to  the  Lord  Advocate  (Jeffrey).  In  these  successive  employ- 
ments, he  passed  the  twelve  years  from  1819  to  1831 ;  and  it  may 
be  remarked  that,  although  of  a  subordinate  nature,  they  were  such 
as  would  only  be  entrusted  to  a  person  of  acknowledged  abilities, 
and  one  whose  character  for  fidelity,  discretion,  and  general  intelli- 
gence, was  already  established.  It  is  probable  that  they  allowed 
him  considerable  intervals  of  leisure,  but  in  no  other  respect  were  they 
favourable  for  scientific  pursuits ;  and,  indeed,  it  may  be  regarded  as 
one  of  the  most  remarkable  features  in  his  history,  that  while  en- 
gaged in  the  discharge  of  multifarious  and  active  duties,  in  a  line  of 
life  so  foreign  to  astronomy  and  physical  science  of  any  kind,  he 
should  not  only  retain  his  tastes  for  the  liberal  studies  he  had  com- 
menced at  the  Dundee  Academy,  but  find  leisure  to  make  so  many 
new  and  important  acquisitions. 

Soon  after  he  became  resident  in  Edinburgh  his  astronomical 
acquirements  procured  him  introductions  to  Professors  Leslie  and 
Wallace,  Captain  IJasil  Hall,  and  other  distinguished  persons,  by 
whom  hia  talents  were  quickly  appreciated,  and  who  aff'orded  him 
every  encouragement  to  persevere  in  his  scientific  pursuits.  At 
that  time  the  small  observatory  on  the  Calton  Hill,  belonging  to 
the  Astronomical  Institution  of  Edinburgh,  was  placed  under  the 
charge  of  Profeuor  Wallace,  who,  finding  in  Mr.  Henderson  a  per- 
son to  whose  hands  the  instruments  could  be  safely  entrusted,  al- 
lowed him  ircc  access  to  them,  and  thereby  gave  him  an  ()j)portu- 
nity  of  acquiring  a  practical  knowledge  of  a  subject  which  he  had 
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already  become  familiar  with  from  study  and  books.  The  instru- 
ments, it  is  true,  were  not  of  first-rate  excellence, — a  clock  and 
transit  of  30  inches  focal  length,  with  an  altitude  and  azimuth  in- 
strument by  Troughton,  formed  the  equipment  of  the  observatory ; 
— but  to  a  young  astronomer,  who  had  no  other  access  to  astrono- 
mical apparatus,  such  an  opportunity  was  invaluable ;  and  there  is 
little  doubt  that  this  circumstance  had  considerable  influence  on  his 
future  history. 

The  opportunity  of  making  observations,  however,  did  not  in  any 
degree  withdraw  him  from  the  less  inviting  parts  of  the  science; 
From  the  outset  of  his  career  he  perceived  that,  in  order  to  be  an 
astronomer,  something  more  is  necessary  than  mere  expertness  in 
the  use  of  instruments.  He  accordingly  continued  to  direct  his 
main  attention  to  the  reduction  of  observations ;  and,  at  an  early 
period,  acquired  a  great  knowledge  of  methods,  and  great  facility  in 
calculating  eclipses,  occultations,  cometary  orbits,  and,  generally,  in 
all  the  computations  and  reductions  which  are  subservient  to  practi- 
cal astronomy. 

Mr.  Henderson  first  brought  himself  into  notice  as  an  astronomer 
in  1824,  by  communicating  in  that  year  to  Dr.  Young,  then  Secre- 
tary to  the  Board  of  Longitude,  a  method  of  computing  an  observed 
occupation  of  a  fixed  star  by  the  moon,  of  which  that  accomplished 
philosopher  thought  so  highly,  that  he  caused  it  to  be  published, 
under  the  title  of  an  improvement  on  his  own  method,  in  the  Nauti- 
cal Almanac  for  1827  and  the  four  following  years  ;  accompanied  in 
some  of  the  last  of  those  years  by  a  second  method  also  proposed  by 
Mr.  Henderson.  These  methods  were  also  published  in  the  London 
Quarterly  Journal  of  Science ;  and  he  received  for  them  the  thanks 
of  the  Board  of  Longitude.  About  the  same  time,  or  shortly  after, 
he  began  to  contribute  to  the  Quarterly  Journal  of  Science  various 
useful  papers  and  notices ;  among  which  may  be  mentioned,  in  par- 
ticular, elements  for  computing  the  eclipses  of  the  sun,  and  lunar 
occultations  of  the  planets  and  satellites  for  the  years  1826,  1827, 
and  1 828 ;  and  lists  of  the  principal  lunar  occultations  for  the  years 
1826,  1827,  1828  and  1829.  These  lists,  it  is  presumed,  were  the 
cause  of  several  valuable  observations  of  the  phaenomena  being  made, 
which,  but  for  them,  would  probably  have  been  neglected. 

In  1827  he  communicated  a  paper  to  the  Royal  Society  of  London, 
"  On  the  Difference  of  Meridians  of  the  Royal  Observatories  of 
London  and  Paris,"  which  is  published  in  the  Philosophical  Trans- 
actions for  that  year,  and  which  furnishes  a  remarkable  instance  of 
the  value  of  that  habit  of  scrutinising  calculation  for  which  he  was 
particularly  distinguished.  In  the  copy  of  the  observations  officially 
furnished  from  the  Royal  Observatory  to  Sir  John  Herschel,  with  a 
view  to  his  operations  in  1825  for  determining  the  difference  of  lon- 
gitude between  Greenwich  and  Paris  by  means  of  fire  signals,  there 
was  an  error  of  a  second  in  one  of  the  numbers,  which  had  the  effect 
of  causing  some  irregularity  in  the  results  of  the  different  days'  work  ; 
but  as  the  discrepancies  were  small,  they  had  been  ascribed  to  errors 
of  observation.     Mr.  Henderson,  remarking  the  irregularity,  was  led 
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to  recalculate  the  original  data,  and  thereby  detected  the  error ;  and 
not  content  with  this,  he  submitted  the  entire  process  to  a  new  cal- 
culation. His  result  differed  immaterially  from  that  which  had  been 
previously  obtained ;  but  the  correction  of  the  error,  by  rendering 
the  single  results  more  consistent,  gave  a  greatly  increased  confi- 
dence to  the  general  conclusion ;  and,  as  was  said  of  it  by  Sir  John 
Herschel  himself,  "  had  the  effect  of  raising  a  result  liable  to  much 
doubt,  from  the  discordance  of  the  individual  days'  observations,  to 
the  rank  of  a  standard  scientific  datum,  and  thus  conferring  on  a  na- 
tional operation  all  the  importance  it  ought  to  possess." 

Mr.  Henderson's  connexion  with  this  Society  began  by  his  under- 
taking, upon  the  request  of  the  Council,  to  compute  an  ephemeria 
of  the  occultations  of  Aldebaran  by  the  moon,  in  the  year  1829,  for 
ten  different  observatories  in  Europe.  In  this  undertaking  he  was 
associated  with  Mr.  Maclear,  and  tiie  ephemeris,  purporting  to  be 
their  joint  production,  was  read  at  the  December  meeting  in  1828, 
and  published  in  No.  15  of  the  Monthly  Notices.  His  first  contri- 
bution to  the  Memoirs  (published  in  vol.  iv.)  contained  observations 
of  transits  of  the  moon,  and  stars  nearly  in  the  same  parallel  of  de- 
clination, over  the  meridian,  made  at  the  Calton  Hill  Observatory  in 
]  828,  from  which  and  corresponding  observations  made  at  Green- 
wich he  computed  the  difference  of  meridians.  This  paper  deserves 
notice,  as  showing  that  he  had  already  adopted  the  practice  of  esti- 
mating and  allowing  for  the  weights  of  the  results  and  determining 
their  probable  errors,  according  to  the  methods  in  use  among  the 
German  astronomers,  but  of  which  the  examples  were  not,  as  yet, 
frequent  in  this  country.  The  method  of  determining  differences  of 
longitude  by  means  of  observations  of  moon-culminating  stars,  then 
recently  proposed  by  Nicolai,  had  been  strongly  recommended  by 
Mr.  Baily  in  a  paper  published  in  vol.  ii,  of  the  Memoirs,  where  all 
the  requisite  rules  and  formulae  were  given  for  the  computation. 
Mr.  Henderson  entered  into  these  views  with  his  accustomed  energy, 
and  not  only  embraced  every  opportunity  of  putting  the  method  in 
practice  by  computing  corresponding  observations,  but  was  at  much 
pains  to  promote  such  observations  by  prejjaring  lists  of  moon-cul- 
minating stars  for  the  use  of  observers.  A  list  of  this  kind  was  ])re- 
pared  by  him  at  the  request  of  the  Council  for  the  use  of  the 
Arctic  expedition  under  the  command  of  Captain  (Sir  Jqhn)  Hoss 
in  1830. 

Another  subject  on  which  his  talents  for  computation  were  fre- 
quently exercised  in  furtherance  of  the  views  of  the  Council,  was  the 
calculation  of  tlte  lunar  occultations  of  fixed  stars  and  planets.  Ob- 
lervatiuns  of  tliesu  phoinomena,  interesting  both  to  praotioal  and 
physical  o^jtronomy,  wore  at  that  time  much  encouraged  by  the  So- 
ciety oit  account  of  their  use  in  determining  longitudes  ;  and,  as  such 
phuMioinena  will  seldom  be  observed  unless  they  have  been  prediutcdt 
it  was  det*iruble  tu  ascertain  the  times  of  their  occurrence  l)y  a  pre- 
vious calculation.  In  this  case  also  Mr.  Henderson  rendered  nu)st 
eflicietit  aid  by  contributing,  for  several  years,  niontidy  lists  of  the 
principal  lunar  uceultations  computed  fur  the  meridian  uf  Greenwich. 
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The  promptitude  and  accuracy  with  which  these  calculations  were 
made  induced  the  Council  to  request  him  to  communicate  his  me- 
thods to  the  Society  ;  and  he  accordingly  drew  up  a  set  of  Practical 
Rules  for  the  Approximate  Prediction  of  Occultations,  which  are 
published  in  vol.  iv,  of  the  Memoirs.  These  services  were  duly 
acknowledged  in  our  Annual  P.eports  ;  and  at  the  anniversary  meet- 
ing in  1830  the  thanks  of  the  Society  were  voted  to  him  "  for  the 
very  valuable  assistance  he  had  rendered  to  the  cause  of  astronomy 
in  his  various  computations  presented  to  the  Society." 

The  amount  of  Mr.  Henderson's  contributions  to  astronomy  from 
1825  to  1830,  consisting  of  observations,  tables,  remarks,  methods, 
and  calculations  of  various  kinds,  published  in  the  Quarterly  Journal 
of  Science,  the  Nautical  Almanac,  and  the  Notices  and  Memoirs  of 
this  Society,  would  have  done  credit  to  a  professed  computer ;  but  in 
order  rightly  to  appreciate  his  zeal,  it  must  be  remembered  that  he 
was  all  this  while  occupied  with  professional  duties  of  a  kind  which 
would  be  found  by  most  persons  to  be  sufficiently  engrossing.  His 
disinterestedness  was  no  less  remarkable  than  his  scientific  ardour ; 
for  though  in  the  receipt  of  very  moderate  emoluments,  he  declined  all 
remuneration  for  his  calculations  ;  nor  would  this  feature  of  his  cha- 
racter be  fully  appreciated  unless  it  were  told  at  the  same  time  that 
a  considerable  part  of  his  income  was  appropriated  by  him  to  the 
support  of  his  mother  and  sisters. 

Mr.  Henderson's  official  duties,  while  connected  with  the  Earl  of 
Lauderdale  and  the  Lord  Advocate,  brought  him  for  some  months  in 
each  year  to  London^  upon  which  occasions  he  became  personally 
acquainted  with  the  principal  astronomers  of  the  metropolis,  and 
had  an  opportunity,  particularly  at  the  observatory  of  Sir  James 
South,  which  was  freely  thrown  open  to  him,  of  seeing  and  handling 
instruments  of  the  first  class.  His  various  useful  contributions  to 
astronomy  had  already  acquired  for  him  a  considerable  reputation ; 
and  the  high  opinion  which  had  been  formed  of  his  talents  was  in- 
creased by  observation  of  the  worth  and  unaffected  simplicity  of  his 
character,  and  the  range  and  extraordinary  accuracy  of  his  informa- 
tion on  all  astronomical  subjects.  Accordingly,  a  prospect  of  attach- 
ing him  to  an  office  by  which  his  services  would  be  secured  for  the 
exclusive  benefit  of  astronomy,  afforded  satisfaction  to  all  those  who 
took  an  active  interest  in  the  progress  of  our  science. 

The  death  of  Dr.  Robert  Blair,  in  December  1828,  having  caused  a 
vacancy  in  the  professorship  of  Practical  Astronomy  in  the  University 
of  Edinburgh,  Mr.  Henderson's  qualifications  for  that  office  were  re- 
presented to  the  Government  (the  patrons  of  the  appointment)  by  Dr. 
Thomas  Young,  and  energetically  urged  by  some  other  astronomers, 
particularly  by  Captain  Basil  Hall.  From  the  correspondence  which 
passed  with  the  Secretary  of  State,  it  appears  that  the  Government 
upon  that  occasion  postponed  the  filling  up  of  the  vacancy  in  order  that 
opportunity  might  be  given  to  consider  upon  what  footing  the  office, 
which  had  hitherto  been  a  sinecure,  could  be  placed  with  the  great- 
est prospect  of  advantage  to  science.  In  the  summer  of  1 829  another 
astronomical  appointment  became  vacant  by  the  lamented  death  of 
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Dr.  Young.  This  very  eminent  person  had  received  valuable  assist- 
ance from  Mr.  Henderson  in  the  computations  required  for  the  Nau- 
tical Almanac,  and  had  formed  the  most  favourable  opinion  of  his 
talents.  About  a  fortnight  before  his  death  he  placed  a  memorandum 
in  the  hands  of  the  late  Professor  Rigaud  of  Oxford,  to  be  made  use 
of  in  case  of  his  decease  ;  and  when  the  anticipated  event  took  place, 
the  memorandum  was  found  to  contain  a  request  that  it  might  be 
stated  to  the  Board  of  Admiralty  that  he  knew  no  person  more  com- 
petent to  be  his  successor  in  the  superintendence  of  the  Almanac 
than  Mr.  Henderson.  Professor  Rigaud  lost  no  time  in  making 
known  in  the  proper  quarter  the  recommendation  of  his  deceased 
friend,  which  he  also  supported  with  the  weight  of  his  own  influence  ; 
but  in  consequence  of  other  contemplated  arrangements  it  was  un- 
successful, and  the  superintendence  of  the  Nautical  Almanac  was, 
upon  that  occasion,  committed  to  Mr.  Pond,  then  Astronomer  Royal. 
Mr.  Pond  was  also  well  aware  of  the  efficiency  and  value  of  Mr. 
Henderson's  aid,  and  immediately  preferred  a  request  to  him  to  con- 
tinue the  same  computations  which  he  had  been  accustomed  to  sup- 
ply to  Dr.  Young;  making  offer  at  the  same  time  of  remuneration, 
and  sufficient  employment  to  occupy  a  great  portion  of  his  time. 
But  although  Mr.  Henderson  shortly  after  supplied  Mr.  Pond  with 
gome  calculations  on  which  he  had  previously  been  engaged,  this 
offer  appears  to  have  been  declined,  and  for  two  years  longer  he  con- 
tinued to  follow  his  professional  occupation. 

His  character  as  an  astronomer,  however,  was  now  fully  esta- 
blished; and  accordingly,  on  the  death  of  Mr.  Fallows  in  1831,  he 
was  regarded  as  one  of  the  persons  best  qualified  to  undertake  the 
direction  and  management  of  the  observatory  established  by  Govern- 
ment, and  then  recently  completed,  at  the  Cape  of  Good  Hope. 
Through  the  intervention  of  Ca])tain  Beaufort  his  qualifications  were 
a  second  time  brought  under  the  notice  of  the  Lords  Commissioners 
of  the  Admiralty,  and  on  this  occasion  successfully  :  but  the  idea  of 
leaving  his  country  was  distasteful  to  him ;  and  he  accepted  the 
office  with  some  reluctance,  and  only  in  deference  to  the  advice  of 
his  friends.  The  warrant  of  his  ajipointment  is  dated  in  October 
1831,  and  a  few  months  after  he  embarked  for  the  colony. 

Mr.  Henderson  arrived  at  the  Cape  in  yVj)ril  1832,  and  forthwith 
commenced  his  obHcrvations.  The  princi])al  instruments  were  u  ten- 
foot  transit  by  Dollond,  and  a  six-foot  mural  circle  by  Jones;  and 
his  only  assistant  was  Lieutenant  Meadows,  who  had  been  sent  out 
in  the  previous  year.  Few  examples  are  upon  record  of  more  zea- 
lous and  successful  exertion  than  that  which  is  furnished  by  him  du- 
ring his  residence  of  thirteen  months  at  the  Cape.  The  results  of 
his  own  i)eraonal  exertions  during  that  short  interval  comprehend 
the  determination  of  the  latitude  and  longitude  of  his  station ;  the 
positions  of  stars  near  the  South  Pole  for  detcrniining  the  polar  \w- 
•Itions  of  hisinstrtimentfl  ;  the  amount  of  relVadion  near  tlie  horizon  ; 
obwrvations  of  the  moon  and  starn  for  determining  the  moon's  hori- 
lontal  parallnx  ;  of  Mnrx  for  determining  the  parallax  of  that])lanet, 
Mid  thence  tliat  of  the  aun ;  of  eclipses  of  Jupiter's  satellites  ;  occul- 
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tations  of  fixed  stars  by  the  moon ;  a  transit  of  Mercury ;  places  of 
Encke's  and  Biela's  comets  ;  and  finally,  between  5000  and  6000 
observations  of  declination.  So  large  a  mass  of  work  would  have 
been  sufficiently  creditable  under  the  most  advantageous  circum- 
stances ;  but  when  we  call  to  mind  that  he  had  to  contend  with  all  the 
difficulties  incidental  to  a  new  and  imperfectly  organized  establish- 
ment, where  no  assistance  was  to  be  obtained  from  artists,  and  with 
a  notoriously  unmanageable  instrument,  it  will  be  easily  admitted 
that  it  would  be  difficult  to  overrate  the  zeal,  perseverance  and  skill, 
with  which  he  laboured  to  discharge  the  duties  which  had  been  in- 
trusted to  him.  But  the  merit  of  accumulating  so  large  and  valuable 
a  mass  of  observations,  great  as  it  must  be  allowed  to  be,  is  com- 
pletely thrown  into  the  shade  by  comparison  with  that  which  is  due 
to  the  persevering  industry  with  which  he  laboured  in  their  reduction, 
and  in  deducing  from  them  the  results  we  shall  presently  have  oc- 
casion to  mention. 

When  Mr.  Henderson  accepted  the  appointment  to  the  Cape 
Observatory,  it  was  no  doubt  anticipated  (probably  even  by  himself) 
that  his  residence  there  would  be  of  some  considerable  duration. 
These  anticipations  were  not  realized,  for  in  May  1833  he  resigned 
the  office,  and  shortly  after  returned  to  Europe.  The  reasons  which 
induced  him  to  take  this  step  were  fully  stated  by  him  in  his  letter 
of  resignation  addressed  to  the  Secretary  of  the  Admiralty.  After 
briefly  alluding  to  the  exertions  necessary  to  carry  their  lordships' 
instructions  into  effect,  he  went  on  to  say,  that  not  only  did  the  state 
of  his  health  render  him  unable  much  longer  to  support  the  requisite 
labour,  but  that  the  observatory,  considered  as  a  place  of  residence, 
laboured  under  so  many  disadvantages,  and  required  a  mode  of  life 
so  different  from  that  to  which  he  had  been  accustomed,  that  he 
found  it  impracticable  to  remain  longer;  and  being  thus  unable  to 
j)erform  the  duties,  he  felt  it  to  be  incumbent  on  him  instantly  to 
resign  the  situation.  But  with  that  regard  for  the  interests  of  science, 
and  that  kindness  of  disposition  so  eminently  characteristic  of  him, 
he  added,  that  on  his  return  home  he  would  proceed,  with  the  sanc- 
tion of  their  lordships,  to  the  task  of  reducing  the  observations  and 
of  extracting  from  them  the  results  they  were  intended  to  afford ; 
expressed  his  sense  of  the  efficient  aid  he  had  received  from  his  as- 
sistant. Lieutenant  Meadows ;  modestly  proffered  such  assistance  as 
his  experience  might  enable  him  to  give  to  his  successor ;  and  con- 
cluded by  recommending  the  state  of  the  observatory  to  their  lord- 
ships' consideration. 

Had  his  state  of  health  permitted  him  to  continue  his  observations 
satisfactorily,  there  can  be  little  doubt  that  the  inconveniences  of 
which  he  complained  would  in  due  time  have  been  removed,  or  at 
least  have  become  supportable ;  but  he  had  been  made  aware  before 
he  left  England,  that  his  physicians  already  apprehended  the  germs 
of  that  disease  which  eventually  proved  fatal  to  him,  and  under  the 
depressing  influence  of  this  knowledge,  aggravated  by  separation 
from  all  his  friends,  and  his  family  to  whom  he  was  tenderly  attached 
— and  by  his  complete  isolation — his  spirits  gave  way,  and  he  be- 
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came  apprehensive  that  he  would  be  unable  to  maintain  the  obser- 
vatory, from  which  so  much  was  expected,  in  a  state  of  the  requisite 
efficiency.  Impressed  with  this  idea  he  took  the  resolution  to  give 
in  his  resignation,  in  order  that  it  might  have  the  contingent  benefit 
of  another  appointment ;  and  thus  an  act  which,  hastily  judged,  might 
appear  to  be  an  abandonment  of  his  post,  was  the  simple  and  natural 
result  of  a  high,  it  may  be  an  exaggerated,  sense  of  public  duty. 
The  sacrifice  involved  in  his  resignation  was  of  no  small  importance 
to  him  in  a  pecuniary  point  of  view  ;  for  all  he  had  to  fall  back  upon 
was  a  pension  of  100/.  a-year,  to  which  he  had  become  entitled  upon 
the  retirement  of  Lord  Eldin.  But  no  one  was  ever  less  influenced 
by  considerations  of  personal  or  pecuniary  advantage,  and  under  any 
circumstances  he  would  have  disdained  the  emoluments  of  office 
without  the  most  punctilious  discharge  of  its  duties. 

On  his  return  to  this  country  in  1833,  Mr.  Henderson  took  up  his 
abode  in  Edinburgh,  and  being  now  without  official  engagements,  he 
began  the  task  of  reducing  the  rich  store  of  observations  he  had 
brought  with  him  from  the  Cape.  The  first  result  of  this  self-im- 
posed labour  was  the  determination  of  an  important  astronomical 
element — the  sun's  parallax — from  a  comparison  of  observations  of 
the  declinations  of  Mars  near  opposition,  made  at  Greenwich,  Cam- 
bridge and  Altona,  with  the  coi'responding  observations  at  the  Cape. 
Previous  to  his  departure  for  that  station  he  had  expressed  a  wish 
that  a  selection  should  be  made  of  such  stars  as  could  conveniently 
be  observed  with  Mars  at  the  opposition  in  November  18?2,  with  a 
view  to  the  determination  of  the  parallax,  and  that  a  list  of  them 
should  be  circulated  among  diff^erent  astronomers  in  various  parts  of 
the  world,  for  the  purpose  of  obtaining  corresponding  observations. 
Accordingly,  Mr.  Sheepshanks  having  furnished  the  apparent  places 
of  Mars  during  the  requisite  period,  and  Mr.  Baily  having  selected 
the  stars  to  be  observed,  the  Council  caused  the  list  to  be  printed  and 
circulated  with  directions  as  to  the  mode  in  which  the  observations 
should  be  made.  In  consequence  of  these  i)reparations  four  sets  of 
corresponding  observations  were  obtained,  from  each  of  whicli  Mr. 
Henderson  deduced  a  value  of  the  parallax.  The  mean  of  the  whole 
gave  a  parallax  of  9"'028 ;  a  result  which  is  known  from  the  more 
certain  method  of  the  transits  of  Venus  to  be  somewhat  too  large, 
as  was  the  ca«c  also  in  Lacaille's  attempt  at  the  Cape  in  1751,  to 
determine  the  solar  parallax  by  the  same  method.  The  determina- 
tion, he  remarks,  is  chiefly  valuable  as  showing  the  j)robablc  accuracy 
of  the  method,  and  the  limits  within  which  tliis  imjjortant  datum  in 
physical  astronomy  may  be  dctcrniiiuul  independently  of  the  rare 
phenomena  of  the  transits  of  Venus. 

Another  paper  of  a  more  elaborate  kind  followed  soon  after,  con- 
tiiining  an  investigation  of  the  anomalies  of  the  six-foot  mural  circle 
in  the  Cape  Observatory.  When  this  instrument  was  first  set  up 
there  were  found  to  be  con»ider8blc  diHcrcpancics  in  the  reading  of 
the  diflfcrent  microHcopes,  a  circuniHtance  which  occasioned  i^noal 
peri>lcxity  to  Mr.  Fallows  ;  and  although  that  aHtrononx  r  a^ci  riaincd 
that  the  mean  of  the  six  readings  might  be  depended  u])uu,  he  did 
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not  succeed  in  arriving  at  any  satisfactory  conclusion  respecting  the 
cause  and  the  laws  of  the  irregularities.  Aware  of  these  anomalies, 
which  indeed  were  confirmed  by  his  first  observations,  Mr.  Henderson 
a  few  weeks  after  his  arrival  at  the  Cape,  undertook  a  laborious  ex- 
amination of  the  state  of  the  instrument  by  means  of  a  series  of 
readings  of  each  of  the  six  microscopes  at  every  tenth  degree  of  the 
limb  ;  and  in  April  and  May  1833,  shortly  before  his  departure  from 
the  Cape,  he  repeated  the  experiment  on  a  more  extended  scale,  by 
examining  the  division  corresponding  to  every  fifth  degree  of  the 
circle,  and  also  the  divisions  immediately  before  and  after  it.  On 
the  results  of  this  last  experiment,  which,  however,  were  found  to 
be  identical  with  those  of  the  former  one,  he  grounded  the  investi- 
gation which  forms  the  subject  of  the  paper ; — an  investigation 
which  exhibits  in  a  very  advantageous  point  of  view  his  sagacity, 
patience  and  laborious  accuracy,  and  is  an  admirable  model  of  a 
carefully  conducted  experimental  inquiry.  The  result  was,  that  in 
order  to  explain  the  observed  anomalies  it  was  necessary  to  suppose 
the  figure  of  the  instrument  to  be  an  oval  of  small  eccentricity,  that 
the  pivots  of  the  axis  were  not  exactly  circular,  and  that  the  whole 
instrument  frequently  changed  its  position  upon  the  pier  from  the 
defective  bearing  of  one  of  the  pivots.  But  the  most  important 
conclusion  deduced  from  the  investigation, — as  it  involved  no  less 
important  a  question  than  the  trustworthiness  of  the  whole  of  his 
Cape  observations, — was  that  the  mean  of  the  readings  of  the  six 
equidistant  microscopes  was  affected  only  to  a  very  small  extent  (if 
affected  at  all)  by  these  imperfections,  and  that  the  probable  error  of 
the  instrument  is  not  greater  than  the  errors  of  the  best  instruments 
of  similar  construction  hitherto  made.  From  a  similar  investigation, 
founded  on  a  less  complete  examination  of  the  instrument  by  Mr. 
Fallows,  Mr.  Sheepshanks  and  Mr.  Airy,  in  a  paper  which  is  printed 
in  vol.  v.  of  the  Memoirs,  had  previously  arrived  at  a  similar  con- 
clusion*. 

While  thus  busily  employed  with  the  reduction  of  his  own  obser- 
vations, on  the  results  of  which,  he  was  well  aware,  his  reputation 
as  an  astronomer  would  essentially  depend,  Mr.  Henderson's  assist- 
ance was  still,  as  it  had  been  in  the  early  part  of  his  career,  freely 
extended  to  others  whenever  an  opportunity  occurred  of  promoting 
the  cause  of  astronomy.  Thus,  at  the  request  of  Mr.  Baily,  he  un- 
dertook the  reduction  of  Captain  Foster's  observations  of  the  comet 
of  1830,  made  at  Ascension  Island,  the  results  of  which,  together 
with  an  ephemeris  for  facilitating  the  calculation  of  observations  of 
the  comet  made  in  the  southern  liemisphere,  are  published  in  vol,  viii. 
of  the  Memoirs.     Fortunately,  however  (even  though  thus  turned  to 

*  It  may  not  be  without  interest  to  state  that,  when  this  instrument  was 
sent  back  to  England  some  years  afterwards,  and  examined  at  the  Royal 
Observatory,  it  was  found  that,  owing  probably  to  some  oversight  in  the 
construction,  the  large  steel  collar  carried  by  the  conical  axis  was  quite 
loose.  It  is  well,  perhaps,  the  discovery  was  not  made  sooner,  or  the  in- 
strument would  probably  have  been  condemned,  and  the  observations  been 
lost. 
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account),  the  interval  of  leisure  was  of  no  long  duration;  and  he 
•was  soon  called  upon  for  the  discharge  of  more  active  duties.  In 
1834  an  agreement  was  concluded  between  the  government  and  the 
members  of  the  Astronomical  Institution  of  Edinburgh,  whereby  the 
latter  gave  up  to  the  University  the  use  of  their  observatory  on  the 
Calton  Hill,  which  the  former  undertook  to  convert  into  a  public 
establishment,  by  furnishing  it  with  suitable  instruments,  and  making 
provision  for  an  observer  and  assistant.  It  was  then  resolved  to  fill 
up  the  office  of  Professor  of  Practical  Astronomy,  which  had  remained 
vacant  since  1828,  and  to  combine  with  it  the  direction  and  super- 
intendence of  the  observatory ;  and  the  Secretary  of  State  did  this 
Society  the  honour  to  request  that  a  deputation  from  the  Council 
would  confer  and  advise  with  him  respecting  the  person  whom  it 
might  be  proper  to  appoint  to  the  situation.  In  consequence  of  this 
request,  a  deputation  waited  upon  Lord  Melbourne,  and,  in  the 
strongest  terms,  recommended  Mr,  Henderson,  whose  appointment 
accordingly  followed  immediately.  The  royal  commission,  nomina- 
ting him  Professor  of  Practical  Astronomy  and  His  Majesty's  Astro- 
nomer for  Scotland,  which  was  dated  the  18th  of  August  of  that 
year,  required  him  to  take  upon  liimself  the  care  and  custody  of  the 
instruments  within  the  observatory,  and  "  to  apply  himself  with  dili- 
gence and  zeal  to  making  astronomical  observations  at  the  said  ob- 
servatory, for  tlie  extension  and  improvement  of  astronomy,  geo- 
graphy, and  navigation,  and  other  branches  of  science  connected 
therewith." 

Mr.  Henderson  was  now  placed  in  a  situation  suited  in  every  re- 
spect to  his  tastes,  habits,  and  pursuits ;  and,  as  he  was  still  young, 
those  who  were  best  acquainted  with  the  extent  of  his  knowledge, 
his  industrious  habits,  and  his  facility  and  accuracy  in  all  practical 
matters,  formed  the  highest  expectations  of  the  value  of  his  future 
services  to  astronomy.  Nor  were  their  expectations  disappointed. 
The  annals  of  the  Edinburgh  Observatory,  his  Catalogue  of  Southern 
Stars,  his  investigations  of  annual  parallax,  and  other  deductions 
from  his  Cape  observations,  besides  various  contributions  relative  to 
subjects  of  a  less  important,  but  always  of  an  interesting  nature, 
amj)ly  justify  the  recommendation  of  our  Council ;  while  their  very 
excellence  increases  our  present  regrets  that  a  career  so  auspiciously 
begun  has  been  so  prematurely  brought  to  a  close. 

As  soon  as  Mr.  Henderson  had  got  his  observatory  into  working 
order,  and  had  established  a  regular  routine  of  duty,  he  resumed  the 
reduction  of  his  Caj)c  observations, — an  occujjation  which  engrossed 
the  greater  part  of  his  leisure  time  during  the  remainder  of  his  life, 
and  of  which  the  fruits  are  a  scries  of  papers  communicated  to  the 
Society  and  published  in  our  Memoirs,  all  more  or  less  interesting, 
and  some  of  them  of  the  first  order  of  excellence. 

'llic  next  result  of  these  reductions,  and,  indeed,  one  of  the  most 
intrinsically  important  of  the  whole,  was  a  Catalogue  of  the  decli- 
nations of  172  principal  fixed  ntars,  chiefly  in  the  southern  hemi- 
sphere, which  was  read  to  the  Society  at  the  April  meeting  in  1837. 
Owiog  to  various  causes  of  deluy,  the  reduction  of  the  right  ascen- 
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sioas  of  the  same  stars  was  only  completed,  and  the  results  given  to 
the  Society,  in  the  course  of  the  last  year.  They  have,  however, 
already  been  printed,  and  will  appear  in  our  forthcoming  volume. 
Although  the  number  of  stars  contained  in  this  Catalogue  is  not 
large,  it  acquires  importance  and  value  both  on  account  of  the  still 
relatively  defective  state  of  our  knowledge  of  the  absolute  positions 
of  the  southern  stars,  and  from  the  circumstance  that  it  is  the  first 
which  has  been  deduced  from  observations  made  in  the  southern  he- 
misphere with  instruments  equal  to  those  of  the  best  European  ob- 
servatories. Indeed,  if  we  except  Mr.  Johnson's  excellent  Catalogue 
of  Stars  observed  at  St.  Helena,  it  must  be  regarded  as  the  first  in 
which  the  places  of  stars  not  visible  in  our  latitudes  have  been  de- 
termined  with  the  precision  and  certainty  now  aimed  at  in  astro- 
nomy. It  was  principally  with  a  view  to  the  determination  of  the 
positions  of  the  j)rincipal  southern  stars,  for  the  aid  of  navigation, 
that  the  establishment  of  the  Cape  Observatory  had  been  urged 
upon  and  undertaken  by  the  government,  and  this  catalogue  forms 
one  of  the  most  important  instalments  astronomy  has  yet  received 
from  it. 

Although  the  determination  of  the  absolute  places  of  the  stars 
formed  the  principal  business  of  the  observatory,  Mr.  HendSrson 
was  too  zealous  an  astronomer  to  omit  taking  advantage  of  the  cir- 
cumstances in  which  he  was  placed  to  investigate  various  important 
points  which  can  only  be  determined  by  a  comparison  of  observa- 
tions made  at  places  remote  from  each  other,  or  which  acquire  a 
special  interest  from  the  position  of  the  observer.  A  point  of  this 
latter  kind  is  the  amount  of  refraction  in  the  southern  hemisphere. 
In  an  interesting  pajjcr  on  this  subject,  printed  in  vol.  x.  of  the 
Memoirs,  he  has  given  the  results  of  a  series  of  observations  made 
at  the  Cape,  of  stars  having  a  greater  zenith  distance  than  85°,  both 
north  and  south,  and  compared  the  refractions  thence  deduced  with 
the  tables  cf  Bessel  and  Ivory.  As  tending  to  throw  light  on  the 
important  subject  of  horizontal  refractions,  these  results  are  valuable 
with  reference  to  general  physics  as  well  as  to  practical  astronomy. 

Another  important  determination,  also  prompted  by  theHocality, 
was  that  of  the  moon's  horizontal  pandlax.  It  is  well  known  that 
the  determination  of  this  element  was  one  of  the  principal  objects  of 
Lacaille's  voyage  to  the  Cape ;  his  purpose  being  to  obtain  observa- 
tions of  the  moon's  declination  corresponding  to  others  made  at  dif- 
ferent European  observatories.  A  similar  investigation  was  ^^roposed 
for  Mr.  Henderson,  or  rather  several  stars  had  been  marked  in  the 
Berlin  Ephemeris  and  Nautical  Almanac  as  favourably  situated  for 
having  their  declinations  observed  along  with  the  moon's  in  both 
hemispheres,  by  which  means  the  moon's  apparent  declinations  are 
obtained  free  from  the  effects  of  errors  in  the  assumed  declinations 
of  the  stars.  But  the  number  of  corresponding  observations  of  this 
kind  which  could  be  made,  being  found  to  be  too  small  to  permit  the 
element  to  be  determined  from  them  with  sufficient  accuracy,  Mr, 
Henderson  had  recourse,  whenever  there  was  a  deficiency  of  moon- 
culminating  stars,  to  such  of  the  principal  stars  as  were  observed. 


V^  Royal  Astronomical  Society. 

and  could  be  used  for  comparison.  The  investigation,  like  all  others 
which  he  undertook,  is  conducted  in  the  most  careful  manner ;  and 
the  result,  although,  in  consequence  of  the  mode  of  proceeding 
adopted,  it  is  dependent  on  the  accuracy  of  the  determination  of  the 
relative  declinations  of  the  principal  stars,  is  probably  the  best  de- 
termination of  the  constant  we  are  in  possession  of. 

It  would  almost  seem  as  if,  in  these  investigations,  Mr.  Hender- 
son had  it  in  view  to  repeat  the  labours  of  Lacaille  in  his  memorable 
residence  at  the  Cape  about  the  middle  of  the  last  century.  In  an- 
other and  more  important  feature  he  may  be  considered  as  an  imi- 
tator of  that  great  astronomer.  Lacaille  had  remarked  that,  in  the 
then  advanced  state  of  astronomy  no  one  could  any  longer  be  believed 
on  his  mere  word ;  and  that,  in  order  to  employ  with  confidence  an 
observed  position,  it  was  necessary  to  have  all  the  details  of  the  ob- 
servation and  all  the  elements  of  reduction.  No  astronomer  was 
ever  more  careful  of  the  observance  of  this  important  maxim  than 
Mr.  Henderson.  From  the  reading  of  the  circle  to  the  final  result 
of  the  investigation,  every  thing  necessary  for  the  complete  under- 
standing of  the  process  or  verification  of  the  work  is  carefully  set 
forth  and  explained ;  and,  accordingly,  all  his  investigations  and  re- 
sults are  characterized  by  an  air  of  truthfulness  which  it  would  be  in 
vain  to  look  for  where  a  different  practice  is  followed. 

But  of  all  the  results  which  he  deduced  from  this  persevering  ex- 
amination of  his  Cape  observations,  the  one  which  will  be  considered 
as  the  most  interesting  is  the  annual  parallax  of  the  double  star  a 
Centauri,  amounting  to  about  a  second  of  space.  This  binary  sy- 
stem was  recognised  to  be  double  about  a  century  ago ;  and,  on 
comparing  the  observations  of  Lacaille  with  those  of  the  present 
time,  it  is  found  to  have  an  annual  proper  motion  of  about  3  "-6. 
Being  situated  within  about  30°  of  the  South  Pole,  it  is  always 
above  the  horizon  at  the  Cape,  and  consequently  favourably  placed 
for  being  accurately  observed  at  all  times.  The  intrinsic  brightness 
of  the  two  component  stars  is  also  remarkable ;  and  from  this,  and 
their  large  proper  motion — circumstances  indicative  of  proximity  to 
our  sy&tem — Mr.  Henderson  was  led  to  suspect  they  might  have  a 
sensible  j)arallax.  He  was  not,  however,  aware  of  their  large  proper 
motion  till  he  was  about  to  leave  the  Cape ;  and  the  observations 
from  which  the  result  was  first  deduced,  were  accordingly  not  made 
with  especial  reference  to  the  question  of  paraUax,  but  for  the  pur- 
pose of  determining  their  mean  jmsitions.  'i'lie  first  indications  of 
parallax  were  detected  u])on  a  comparison  of  their  declinations  with 
those  of  such  of  the  standard  stars  as  were  observed  on  the  same  day 
throughout  the  year ;  but  he  deferred  the  announcement  of  the  dis- 
covery until  he  had  completed  the  reduction  of  the  right  ascensions, 
and  obtained,  by  this  means,  u  further  test  of  the  accuracy  of  his 
conclusion.  A  similar  investigation  of  these  latter  observations  con- 
firmed the  previous  deduction ;  and,  in  a  paj)cr  read  to  the  Society 
at  the  January  meeting  of  1839,  he  aimuunccd  a  j)aranax  of  the 
double  star  amounting  to  about  u  second  of  sj)acc.  With  his  Imbi- 
tual  caution  and  accuracy,  he  a])plicd  every  means  of  testing  the  re- 
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suit  the  observations  afforded,  deducing  the  parallax  separately  from 
the  observations  of  right  ascension,  from  the  direct  observations  of 
declination,  and  from  the  reflected  observations  of  declination,  and 
this  in  respect  of  each  of  the  two  stars ;  and  though  the  resulting 
l)arallax  differed  somewhat  in  the  different  cases,  the  general  agree- 
ment was  satisfactory,  and  the  amount  much  too  large  to  be  ascri- 
bable  to  probable  errors  of  observation.  But  notwithstanding  the 
corroboration  which  the  results  of  these  different  modes  of  deduction 
afforded  each  other,  if  the  question  of  the  parallax  of  this  binary  star 
had  been  allowed  to  rest  in  the  state  in  which  it  was  placed  in  Mr. 
Henderson's  first  paper,  astronomers  would  probablj'  have  agreed  in 
thinking  his  investigation  only  went  the  length  of  establishing  a 
strong  probability  in  favour  of  its  existence.  Mr.  Main,  after  an 
elaborate  comparison  of  the  result  with  the  individual  observations 
from  which  it  was  deduced,  observes,  "For  the  present  it  must  be 
considered  that  the  star  well  deserves  a  rigorous  examination  by  all 
the  methods  which  the  author  himself  has  so  well  pointed  out ;  and 
that,  in  the  event  of  a  parallax  at  all  comparable  with  that  assigned 
by  Mr.  Henderson  being  found,  he  will  deserve  the  merit  of  its  dis- 
covery, and  the  warmest  thanks  of  astronomers,  as  an  extender  of 
the  knowledge  we  possess  of  our  connexion  with  the  sidereal  sy- 
stem."— Memoirs,  vol.  xii.  p.  36.  The  result,  however,  was  far  too 
curious  to  be  allowed  long  to  remain  without  an  attempt  being  made 
to  confirm  it.  No  sooner  was  Mr.  Henderson's  paper  communicated 
to  Mr.  Maclear,  than  that  energetic  astronomer  undertook  a  series 
of  observations  of  the  double  altitudes  of  the  two  stars  with  the 
mural  circle,  with  an  express  view  to  the  question.  They  extend 
over  seventeen  months,  from  March  26,  1839,  to  August  12,  1840 ; 
and,  as  the  mural  circle  at  the  Cape  was  changed  shortly  after  their 
commencement,  they  have  the  further  advantage  of  having  been 
made,  for  the  greater  part,  with  a  different  instrument.  These  ob- 
servations being  transmitted  to  Mr.  Henderson,  he  immediately  un- 
dertook to  reduce  them ;  and,  in  an  elaborate  paper  inserted  in  vol. 
xii.  of  the  Memoirs,  he  deduced  the  parallax  for  each  of  the  two 
stars  both  from  the  direct  and  reflected  observations.  The  results 
entirely  confirmed  his  former  deductions,  but,  as  was  to  be  expected 
from  the  greater  number  of  observations,  they  were  more  consistent. 
The  mean  gave,  as  before,  a  parallax  of  about  1";  whence  it  is  in- 
ferred that  this  system,  the  nearest,  perhaps,  of  the  stellar  bodies, 
is  separated  from  us  by  an  interval  exceeding  200,000  times  the 
distance  of  the  sun  from  the  earth. 

Looking  to  the  history  of  this  interesting  subject — to  the  consist- 
ent results  given  by  the  Dublin  circle,  which  have  been  disproved 
by  other  instruments — and  considering  that  the  present  determina- 
tion has  as  yet  been  only  partially  confirmed  by  the  observations  of 
right  ascension,  the  cautious  astronomer  will,  perhaps,  be  inclined 
to  maintain  some  reserve  until  the  star  shall  have  been  examined 
with  an  instrument  affording  the  means  of  exact  micrometrical  mea- 
surement, or,  at  least,  until  a  longer  series  of  meridian  observations 
shall  have  been  made ;  for,  as  has  been  remarked  by  Sir  John  Her- 
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Bchel,  "  It  is  only  on  a  very  long  series  of  observations  of  absolute 
places,  affected,  as  they  are,  by  instrumental  error  and  uncertainty 
of  refraction,  that  any  conclusion  of  this  kind  can  rest  with  secu- 
rity." But  whatever  the  ultimate  decision  of  astronomers  may  be 
with  respect  to  the  parallax  in  question,  there  will  be  but  one  opi- 
nion as  to  the  merit  of  Mr.  Henderson's  investigations,  and  the  in- 
terest which  attaches  to  the  subject :  and,  in  the  meantime,  it  will 
be  remembered  that  this  is  the  first  determination  of  the  parallax  of 
a  star  which  has  been  confirmed  by  a  different  observer  using  a  dif- 
ferent instrument ;  and  that  if  future  observations  shall  continue  to 
give  similar  results,  which  now  seems  a  reasonable  anticipation,  to 
Mr.  Henderson  will  indisputably  belong  the  enviable  distinction  of 
having  been  the  first  who  succeeded  in  an  inquiry  so  often,  but 
fruitlessly,  attempted  by  astronomers,  namely,  tlie  discovery  of  a 
fixed  star  whose  distance  from  our  system  is  capable  of  measurement 
and  expression.  For  these  researches  he  was  proposed  to  the  Council 
at  the  meeting  in  November  last,  as  deserving  the  Society's  gold 
medal  for  the  present  year,  but  his  untimely  death  prevented  the 
question  from  being  entertained. 

Another  attemjit  made  by  him  to  determine  the  annual  parallax 
was  less  successful.  Sirius,  the  brightest  star  in  the  heavens,  might 
be  supposed  to  be  one  of  the  least  remote  ;  and  some  astronomers — 
Cassini,  Lacaille,  and  Piazzi — had  assigned  it  a  parallax  of  several 
seconds.  The  Cape  observations  being  well  adapted  for  the  inves- 
tigation of  the  question,  Mr.  Henderson  undertook  the  examination 
of  those  made  by  himself,  and  also  a  series  by  Mr.  Maclear,  in  order 
to  ascertain  if  they  indicated  any  sensible  parallax ;  but  in  this  case 
the  result  amounted  only  to  about  a  quarter  of  a  second, — a  (juan- 
tity  not  exceeding,  perhaps,  the  probable  error  of  the  determination. 

Mr.  Henderson's  labours  on  the  subject  of  parallax  did  not  termi- 
nate even  here.  In  a  letter  to  Mr.  Main,  which  was  read  at  the 
December  meeting  of  1842,  he  gave  the  results  of  an  investigation 
of  the  parallaxes,  as  they  appear  from  his  Cape  observations,  of 
twenty  stars  which  had  been  observed  sufKciently  often  to  reduce 
the  errors  of  observation  within  reasonable  limits.  They  comprehend 
the  greater  number  of  the  stars  situated  in  the  same  region  of  the 
lieavens  as  a  Centauri,  which  have  been  indicated  by  Sir  John  Her- 
schel  as  deserving  of  investigation  for  ])arallax,  and  which,  on  that 
account,  are  at  present  olijccts  of  particular  attention  at  the  Cape 
Observatory.  In  a  few  instances  considerable  i)arallaxes  appear  ;  in 
the  greater  number  of  cases  the  results  are  so  small  as  to  ail'urd  little 
hope  of  a  measurable  ))arallax  being  found,  and  in  some  they  are 
negative.  The  mean  of  tlic  twenty  j)araliaxes  is  -f  0''*'29,  a  result 
which,  on  the  whole,  may  i)e  considered  as  affording  encouragement 
to  continue  the  research. 

It  is  matter  of  much  regret  that  the  reduction  of  the  entire  series 
of  Mr.  Henderson's  Cape  observations — the  rich  store  from  which 
the  above  interesting  renulls  have  been  extracted — has  not  been 
completed  by  him  ;  and  that  the  observations  must  conse(iueiitly  be 
(lephvcd  of  tliu  udvuutogc  of  liis  fioul  ruvisiuu.     From  the  examinu- 
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tion  of  his  papers  it  appears  that  the  number  of  positions  determined 
both  with  the  mural  circle  and  transit  instrument,  from  April  10, 
1832,  to  May  24,  1833,  is  between  5000  and  6000.  The  transit 
observations  (made  chiefly  by  Lieut.  Meadows)  are  found  to  be  care- 
fully written  out,  with  the  column  headed  "  correction  of  instru- 
ment" filled  up  for  the  whole  period  ;  and  that  headed  "  correction 
of  clock  "  from  the  commencement  to  October  31,  1832.  The  circle 
observations,  which  were  all  made  by  himself,  are  in  a  similar  state 
of  forwardness  ;  and  it  may  be  inferred  from  the  appearance  of  the 
papers,  that  if  he  had  lived  a  few  months  longer,  and  the  work  had 
proceeded  at  the  ordinary  rate,  the  whole  would  have  been  ready  for 
the  press. 

A  statement  of  the  results  deduced  by  Mr.  Henderson  from  his 
Cape  observations  could  not  be  properly  concluded  without  an  ex- 
pression of  admiration  for  that  disinterested  zeal  which  led  him  to 
undertake  and  execute  so  great  an  amount  of  extra-official  labour. 
The  observations,  it  will  be  remembered,  were  made  at  a  public  esta- 
blishment, and  their  reduction  was  matter  of  public  concern  and  im- 
portance J  and  after  his  resignation  of  the  appointment,  the  public  had 
no  claim  on  his  services  more  than  on  those  of  any  other  individual. 
But,  as  already  remarked,  considerations  of  this  kind  never,  in  any 
degree,  influenced  his  conduct ;  and,  during  ten  long  years,  he  gra- 
tuitously devoted  to  this  purpose  all  the  time  he  could  spare  from 
his  official  duties.  In  the  same  circumstances  almost  any  other 
person  would  have  claimed,  and  undoubtedly  have  obtained,  both 
assistance  and  remuneration. 

In  addition  to  the  results  now  mentioned,  he  rendered  still  an- 
other important  service  to  the  astronomy  of  the  southern  heavens,  in 
superintending  the  reduction  of  the  stars  observed  at  the  Cape  by 
Lacaille.  This  work,  which  he  undertook  at  the  instance  of  Mr. 
Baily  for  the  British  Association,  was  announced  as  completed  in 
our  Annual  Report  for  1843  ;  but  it  has  not  yet  been  published. 

Mr.  Henderson's  laljours  in  the  Edinburgh  Observatory  are  well- 
known  to  astronomers  from  the  five  volumes  of  observations  which 
have  been  published  for  1834-1839.  A  sixth  volume  is  understood 
to  be  left  nearly  ready  for  publication ;  and  the  observations  for  the 
remaining  years  will,  no  doubt,  still  be  rendered  available  to  science. 
The  published  volumes  are  prefaced  by  an  Introduction,  containing 
a  minute  and  most  lucid  description  of  the  instruments  and  methods 
used  in  the  observations  and  reductions,  with  every  detail  and  ex- 
planation which  can  contribute  to  give  authenticity  and  value  to  the 
work.  His  first  year's  observations  having  been  referred  to  this 
Society  by  the  Home  Secretary,  a  committee  of  the  Council  reported 
them  to  be  of  first-rate  excellence,  and  recommended  their  publica- 
tion as  matter  of  scientific  importance.  I'his  report  has  been  rati- 
fied by  all  astronomers  ;  and,  so  far  as  they  have  yet  been  published, 
the  Edinburgh  observations  not  only  do  credit  to  the  astronomer  and 
his  assistant,  Mr.  Wallace,  but  have  conferred  on  the  Observatory  a 
high  reputation  among  the  similar  institutions  of  Europe. 

Although  the  periodical  publication  of  the  Edinburgh  observations 
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rendered  it,  in  a  great  measure,  unnecessary  for  him  to  have  recourse 
to  other  channels  of  pubhcity,  he  continued,  from  time  to  time,  to 
communicate  to  this  Society  various  observations  of  phsenomena, 
either  of  an  occasional  nature  or  having  an  immediate  interest,  and 
notices  likely  to  be  useful  to  practical  astronomers.  Among  these 
may  be  mentioned  observations  of  the  planets  near  their  oppositions 
and  inferior  conjunctions,  of  moon-culminating  stars,  of  the  annular 
eclipse  of  the  sun  on  May  15,  1836  ;  and,  more  especially,  elements 
of  cometary  orbits.  Indeed,  if  he  had  no  other  claim  on  our  regard, 
his  care  in  disseminating  the  earliest  information  respecting  the 
orbits  of  newly-discovered  comets  would  alone  have  entitled  him  to 
the  applause  due  to  a  useful  labourer  in  the  cause  of  astronomy. 
Various  observations  and  notices  of  the  kind  now  referred  to  were 
also  communicated  by  him  to  Professor  Schumacher,  and  published 
in  the  Astronomische  Nachrichten,  whereby  they  obtained  immediate 
circulation  over  the  continent. 

His  attention  at  Edinburgh  was  chiefly  directed  to  planetary  ob- 
servations, and  the  formation  of  an  extensive  catalogue  of  zodiacal 
stars.  He  had  proceeded  far  in  the  latter  work ;  and  in  one  of  his 
last  letters,  written  to  an  intimate  friend,  he  spoke  of  being  engaged 
in  fixing  the  positions  of  some  of  those  stars  in  Argelander's  recent 
catalogue,  which,  though  visible  to  the  naked  eye,  had  escaped  the 
notice  of  all  former  astronomers. 

In  recounting  Mr.  Henderson's  labours  in  the  Edinburgh  Obser- 
vatory, we  should  fail  to  do  justice  to  his  zeal  if  we  omitted  all  allu- 
sion to  other  avocations  which  occasionally  made  large  demands  on 
his  time.  His  office  of  professor,  though  he  gave  no  lectures  in  his 
own  department,  entailed  on  him  various  duties.  During  one  whole 
session  (1835-1836)  he  delivered  the  mathematical  lectures  for 
Professor  Wallace,  then  incapacitated  by  illness ;  and  in  the  last 
year  he  undertook,  for  some  time,  a  similar  duty  for  Professor  Forbes, 
in  the  class  of  Natural  Philosophy.  In  short,  he  was  one  whose 
general  talents  and  habits  of  business,  coupled  with  extreme  bene- 
volence and  great  good  sense,  rendered  him  a  most  useful  coadjutor ; 
and,  accordingly,  the  largest  share  of  any  i)ublic  business,  with  which 
he  happened  to  be  connected,  was  sure  to  fall  into  his  hands. 

Having  none  of  the  accessory  advantages  of  ])irth,  fortune,  or  early 
introduction,  Mr.  Henderson  had  to  rely  on  his  own  energy  and 
tiilcnts  alone  in  conquering  his  way  to  fame ;  and  he  was  only  be- 
ginning to  enjoy  his  well-earned  reputation,  both  in  his  own  country 
and  abroad.  He  was  admitted  a  l*'cllow  of  this  Society  in  1832,  and 
of  the  Royal  Society  in  1 840,  and  he  had  been  a  member  of  the 
Koyal  Society  of  Edinburgh  since  1834.  It  does  not  appear  that 
he  was  a  member  of  any  foreign  society,  but  he  was  in  frequent  cor- 
retpondence  with  Schumaciicr,  Hcsscl,  Encke,  and  other  distinguished 
Mtronomers  on  the  continent,  by  whom  his  talents  and  opinion  on 
aatronomical  subjects  were  held  in  high  estimation. 

In  1836  he  married  Miss  Adie,  eldcHt  (hiughtcr  of  the  well-known 
opttcian  and  ingenious  inventor  of  the  sympicsometcr.  'i'he  death 
of  this  lady  in  1842,  u  few  weeks  after  tlic  birth  of  their  only  child, 
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produced  an  effect  on  his  sensitive  temperament  from  which  he  never 
completely  recovered.  In  the  summer  of  that  year  he  was  gratified 
by  an  event  which  afforded  him  at  the  time  the  liveliest  pleasure, 
and  ever  after  formed  a  bright  spot  in  his  memory.  This  was  the 
visit  to  Edinburgh  of  Professor  Bessel,  whom  he  had  always  been 
accustomed  to  regard  as  his  master  in  science ;  and  for  whose  cha- 
racter and  writings  he  entertained  an  unbounded  admiration.  In 
company  with  the  great  astronomer,  and  his  countryman  and  col- 
league, the  celebrated  mathematician  Jacobi,  he  made  a  short  excur- 
sion to  the  Highlands ;  and  his  friends  well  remember  the  delight 
with  which  he  used  to  recount  the  incidents  of  that  journey,  and  re- 
late anecdotes  of  his  illustrious  companions. 

Although  his  constitution  was  never  robust,  and  he  was  occasion- 
ally subject  to  low  spirits,  during  the  influence  of  which  he  would 
express  misgivings  as  to  his  hold  on  life,  his  health  did  not  undergo 
any  visible  change  till  the  autumn  of  1844,  when  he  was  suddenly 
seized  with  an  illness  of  so  alarming  a  kind,  that,  happening  at  the 
time  to  be  on  a  visit  to  a  friend,  some  days  elapsed  before  he  could 
be  removed  to  his  own  house.  From  this  attack  he  partially  reco- 
vered, and  hopes  were  entertained  that  he  would  soon  be  enabled  to 
resume  his  usual  duties ;  but  a  relapse  having  occurred,  he  expired 
suddenly  on  the  23rd  of  November,  a  few  weeks  before  he  would 
have  completed  his  forty-sixth  year.  The  disease  was  then  ascer- 
tained to  be  hypertrophy  of  the  heart ;  and  there  can  be  little  doubt 
that,  in  the  state  of  health  induced  by  this  organic  disorder,  the 
fatigue  of  the  nightly  observations,  and  of  climbing  the  steep  hill  on 
the  summit  of  which  the  observatory  is  built,  had  been  extremely 
prejudicial  to  him,  and  contributed  to  accelerate  its  fatal  termina- 
tion. 

The  character  of  Mr.  Henderson  as  an  astronomer  stands  high, 
and  his  name  will  go  down  to  posterity  as  an  accurate  observer,  an 
industrious  computer,  a  skilful  manipulator,  and  an  improver  of 
methods  in  that  department  to  which  he  devoted  himself.  Endowed 
by  nature  with  perceptive  powers  of  great  acuteness,  and  accustomed 
by  his  early  professional  training  to  examine  and  sift  the  evidence 
of  every  fact  or  statement  presented  to  his  mind,  and  to  keep  it  be- 
fore him  until  he  had  obtained  a  clear  conception  of  it  in  all  its  bear- 
ings, every  acquisition  he  made  was  perfect ;  and  all  his  knowledge 
was  stored  up  in  a  memory  of  unusually  retentive  powers,  in  so  or- 
derly a  manner,  as  to  be  always  available  at  the  moment  it  was  wanted. 
A  sharp  eye,  and  habits  of  order,  regularity,  and  attention,  enabled 
him  to  become  an  excellent  observer ;  but  the  services  for  which  he 
will  be  remembered  consist  not  so  much  in  numerous  and  accurate 
observations,  as  in  the  use  which  he  made  of  them  and  the  manner 
in  which  he  worked  out  their  results.  At  the  outset  of  his  career 
he  was  led  (probably  by  the  commendation  of  them  in  our  Memoirs) 
to  study  attentively  the  methods  of  the  German  astronomers,  parti- 
cularly those  of  Bessel  and  Struve,  upon  whose  model  he  formed  his 
practice,  and  from  which  he  never  departed.  All  his  memoirs  and 
investigations  are  characterised  by  the  excellences  of  those  illustrious 
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masters.  Every  observation  is  scrupulously  discussed,  and  its  results 
drawn  out  in  the  most  concise  and  serviceable  form.  His  processes 
are  fully  explained ;  his  formulae  of  reduction  carefully  chosen  ;  no 
labour  is  evaded  ;  and  no  circumstance  which  can  aiFect  the  accuracy 
of  the  final  result  is  passed  unnoticed.  Nor  is  the  manner  in  which 
his  results  are  set  forth  and  communicated  inferior  to  the  skill  dis- 
played in  deducing  them.  His  descriptions  of  instruments,  methods, 
and  details  of  practice,  are  stamped  by  a  simplicity,  neatness,  and 
precision,  which  show  at  once  the  correctness  of  his  taste  and  his 
mastery  over  his  subject.  His  introductions  to  the  Edinburgh  ob- 
serv'ations  may  be  cited  as  admirable  specimens  of  astronomical 
writing.  Nothing,  indeed,  is  more  remarkable  in  all  his  composi- 
tions than  good  taste,  and  the  entire  absence  of  every  trace  of  exag- 
geration of  his  own  merits  or  affectation  of  singularity.  Discerning 
clearly  his  object,  he  pursues  it  in  a  direct  undeviating  course  ;  never 
stepping  aside  for  the  sake  of  display,  yet  skilfully  availing  himself 
of  every  means  of  reaching  it,  which  science  had  placed  at  his  dis- 
posal. To  represent  him  as  profoundly  skilled  in  the  higher  de- 
partments of  physical  astronomy  would  be  to  make  a  pretension, 
from  which  the  modesty  of  his  nature  would  have  recoiled ;  but  he 
had  a  sufficiently  accurate  knowledge  of  the  analytical  processes  by 
which  the  phacnomena  of  the  universe  are  deduced  from,  or  connected 
with,  the  theory  of  gravitation,  to  appreciate  correctly  their  bearings 
on  the  practical  branches,  to  which  he  directed  his  attention.  To 
a  very  considerable  knowledge  of  mathematics  he  added  great  powers 
of  calculation — powers  which  he  never  abused  ;  for  though  less  liable 
than  most  men  to  make  mistakes,  he,  in  no  case,  allowed  himself  to 
dispense  with  the  most  scrupulous  revision  of  his  work.  One  of  his 
most  distinguishing  qualities  was  sound  judgment.  He  never  at- 
tempted any  thing  to  which  his  powers  were  not  fully  equal ;  and, 
as  a  consequence  of  this,  whatever  he  did  he  did  well. 

Few  men  have  been  more  conversant  witli  the  modern  history  of 
astronomy,  especially  that  branch  of  it  with  which  he  was  more  im- 
mediately connected.  It  may  be  said,  without  any  exaggeration, 
that  he  knew,  and  could  name  the  author  of  every  invention  or  con- 
trivance, whether  mathematical  or  mechanical,  bearing  on  his  pro<- 
fessional  duties. 

In  his  private  character,  and  the  relations  of  domestic  life,  Mr. 
Henderson  was  distinguished  by  great  warmth  of  affection  and  ami- 
ability of  disposition.  Naturally  modest  and  retiring  he  shrunk  from 
the  rnont  distant  contact  with  obtrusiveness  and  ostentation ;  but  he 
knew  well  enough  his  position,  and  was  by  no  means  deficient  in 
•pirit  to  defend  it.  His  disposition  was  cheerful  and  social ;  and 
when  released  from  official  duties  he  took  great  jjleasure  in  the  so- 
ciety of  IiIh  friends,  to  whom  he  was  endeared  by  the  worth  of  his 
character,  the  unaffected  simplicity  of  his  manners,  his  kind-hearted 
licnevolcnce,  and  enthusiastic  admiration  of  whatever  is  noble  and 
excellent.  His  reputation  for  astronomical  kiiowleilge,  and  his  rea- 
dineM  to  aMist  in  its  promotion,  involved  him  in  an  extensive  cor- 
ffpottdcncet  but,  however  occupied  he  might  be,  when  reference 
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was  made  to  him  on  any  point  connected  with  his  professional  pur- 
suits, he  was  always  to  be  depended  upon  for  a  prompt  answer, 
either  containing  (as  was  most  frequently  the  case)  a  full  exposition 
of  the  matter  in  hand,  or  a  frank  acknowledgment  that  he  had  no 
information  to  give.  He  was  disinterested  and  generous  to  a  degree 
hardly  consistent  with  his  circumstances.  Notwithstanding  his 
slender  appointments  he  had  already  collected  an  extensive  and  valu- 
able astronomical  library  ;  hut  the  proceeds  of  its  sale  were  the  prin- 
cipal part  of  the  heritage  he  left  for  his  orphan  daughter. 

The  loss  of  so  excellent  a  member,  at  an  age  when  his  knowledge 
and  faculties  had  only  attained  to  maturity,  and  when  past  triumphs 
justified  the  brightest  anticipations  for  the  future,  cannot  be  regarded 
by  the  Society  with  feelings  of  ordinary  regret.  Let  us  hope  there 
will  never  be  wanting  among  us  examples  of  similar  and  equally  suc- 
cessful devotion. 


METEOROLOGICAL  OBSERVATIONS  FOR  MAY  1845. 

Chiswick. — May  1,  2.  Very  fine.  3.  Fine,  with  clouds.  4.  Cloudy  and  cool. 
5.  Fine  :  dense  clouds  :  clear.  6.  Cloudy  ;  rain.  7.  Cloudy :  showers.  8.  Rain. 
9.  Cloudy :  clear.  10.  Foggy  :  cloudy  :  clear  at  night.  11.  Cloudy.  12.  Rain  : 
showery,  13.  Cloudy  and  fine.  14.  Fine.  15.  Overcast:  fine.  16.  Cloudy. 
17.  Overcast:  slight  frost  at  night.  18.  Cloudy:  showery.  19.  Cloudy  and 
cold.  20.  Cloudy  :  rain.  21.  Heavy  rain.  22.  Cloudy  :  very  clear.  23.  Over- 
cast :  fine  :  heavy  rain.  24.  Hazy  clouds :  heavy  rain  at  night.  25.  Rain. 
26.  Overcast :  heavy  rain.  27.  Very  fine.  28.  Hazy  and  damp.  29.  Thick 
haze:  rain.  SO.  Fine.  31.  Very  fine  :  cloudless:  overcast  at  night. — Mean 
temperature  of  the  month  5°"3  helow  the  average. 

Boston. — May  1.  Fine.  2.  Fine  :  thunder  and  lightning  p.m.,  with  rain.  3. 
Cloudy:  thunder  and  lightning  p.m.,  with  rain.  4.  Fine:  rain  early  a.m.  5.  Fine: 
fain  early  A.M. :  rain  P.M.  6.  Rain.  7.  Cloudy:  rain  early  a.m.  :  rain  p.m.  8. 
Fine:  rain  A.M.  9.  Cloudy :  rain  early  a.m.  10.  Rain.  11.  Cloudy.  12.  Fine: 
rain  a.m.  and  P.M.  13.  Fine :  rain  p.m.  14, 15.  Fine.  16.  Cloudy.  17.  Cloudy: 
rain  a.m.  18.  Windy.  19.  Fine:  rain  early  a.m.  20.  Fine :  rain  p.m.  21. 
Cloudy.  22.  Fine.  23.  Cloudy  :  rain  p.m.  24,  25.  Cloudy  :  rain  early  a.m. 
26.  Cloudy:  rain  early  a.m.  :  rain  p.m.  27.  Fine.  28.  Fine:  rain  early  a.m.  : 
rain  p.m.      29.   Cloudy  :  rain  p.m.     30,31.  Fine. 

Sandwich  Manse,  Orlmey, — May  1.  Drops:  showers.  2.  Showers.  3.  Showers  : 
sleet.  4.  Bright :  showers.  5 — 7.  Clear.  8.  Rain  :  showers.  9,  10.  Showers. 
II.  Bright:  cloudy.  12,13.  Clear.  14.  Drops:  clear.  15.  Fog:  drizzle. 
16.  Showers:  drizzle.  17.  Bright:  clear.  18.  Cloudy:  clear.  19.  Clear. 
20.  Cloudy.  21.  Bright :  cloudy.  22,23.  Cloudy  :  damp.  24,25.  Cloudy. 
26.  Bright :  cloudy.  27.  Cloudy.  28,  29.  Bright ;  clear.  30.  Cloudy :  fine. 
31,  Bright:  fine. 

Apjilegarlh  Manse,  Dumfries-shire. — May  1.  Heavy  showers,  2,  3.  Heavy 
showers,  with  hail.  4.  Sunshine  and  showers.  5.  Fine.  6.  Moist :  light  drops. 
7—9.  Slight  showers.  10.  Fine.  11.  Rain  p.m.  :  hoar-frost  a.m.  12.  Showers. 
13,  Fair  and  fine.  14.  Rain  nearly  all  day.  15 — 17.  Fair:  fine:  bracing  air. 
18.  Fair,  but  threatening.  19.  Fair,  but  threatening  :  fine.  20,21.  Fair,  but 
threatening:  droughty.  22 — 24.  Fair,  but  threatening.  25.  Fair,  but  threaten- 
ing :  few  drops  of  rain.  26.  Fair,  but  threatening :  very  droughty.  27—30. 
Fair,  but  threatening.     31.   Fine  :  warm. 
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[THIRD  SERIES.] 

AUGUST  1845. 

XV.  Experiments  and  Observations  on  some  Cases  of  Lines  in 
the  Prismatic  Spectrum  produced  by  the  j)assage  of  Light 
through  Coloured  Vapours  and  Gases,  and  frorn  certain  Cof 
loured  Flames.  Bi/  W.  A.  Miller,  M.D.,  F.R.S.,  Profes- 
sor of  Chemistry  in  King^s  College,  London^. 
[With  two  coloured  Plates.] 

THE  inquiry  into  the  cause  of  the  dark  lines  in  the  solar 
spectrum  is  one  involved  in  so  much  difficulty  and  ob- 
scurity, and  the  interest  which  attaches  to  its  solution,  in  con- 
nexion with  some  of  the  most  refined  questions  relating  to  the 
nature  of  light,  is  so  great,  that  I  trust  I  shall  be  pardoned 
for  bringing  forward  some  additional  facts  bearing  upon  the 
subject,  however  little  I  may  have  to  say  in  explanation  of 
them.  These  facts  may,  however,  at  a  future  period,  assist  us 
in  arriving  at  some  general  conclusion. 

In  examining  the  prismatic  spectrum  of  light  that  had  been 
transmitted  through  the  deep  red  vapours  of  the  nitrous  acid 
(NO4),  Sir  D.  Brewster  made  the  remarkable  discovery,  that 
the  absorption  of  the  rays  by  this  medium  differs  from  that  of 
coloui'ed  liquids  and  solids  in  general,  in  the  production  of  a 
multitude  of  lines  crossing  the  spectrum  in  the  same  direction 
as  those  observed  by  Fraunhofer ;  these  lines  being  broadest, 
darkest,  and  most  abundant  towards  the  more  refrangible  ex- 
tremity of  the  spectrum.  He  found  them  to  occur  equally, 
whether  solar  or  artificial  light  were  employed.  Shortly  after, 
Prof.  Miller  of  Cambridge,  and  the  late  Prof.  Daniel],  of 
King's  College,  extended  this  inquiry  to  other  coloured  va- 
pours, viz.  to  chlorine,  iodine,  bromine,  euchlorine  and  indigo. 
Between  the  spectra  of  iodine  and  bromine  they  discovered  a 
very  exact  parallelism,  the  coloured  image  in  each  case  being 

*  Read  (June  21, 1845)  at  the  Meeting  of  the  British  Association  held 
at  Cambridge,  and  communicated  by  the  Author. 
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crossed  through  a  great  portion  of  its  extent  by  numerous 
equidistant  lines,  corresponding  both  in  number  and  position 
in  the  two  substances. 

This  remarkable  similarity  of  action  upon  light,  between 
bodies  whose  chemical  properties  are  in  many  respects  so 
closely  allied,  induced  me,  as  the  subject  appeared  to  have 
been  completely  laid  aside  by  the  philosophers  to  whom  these 
observations  are  due,  to  examine  a  variety  of  other  coloured 
compounds.  I  was  in  hopes  of  discovering,  amongst  other 
bodies,  and  particularly  amongst  compounds  of  similar  nature 
and  properties,  a  correspondence,  if  not  in  the  colorific  posi- 
tion, at  least  in  the  general  arrangement  of  the  lines  (if  any 
were  produced),  which  are  rendered  visible  by  a  prismatic 
analysis  of  the  light  that  has  been  transmitted  through  the 
different  coloured  media.  This  hope,  however,  I  have  not 
been  able  to  realize  to  any  considerable  extent.  But  though 
the  results  obtained  are  many  of  them  negative,  as  the  cases 
in  which  no  lines  occur  are  much  more  numerous  than 
those  in  which  they  are  produced,  I  have  met  with  some  facts 
which  I  believe  are  not  generally  known,  and  which  may, 
therefore,  possess  sufficient  interest  to  warrant  my  submitting 
them  to  the  consideration  of  men  of  science.  The  mere  enu- 
meration of  the  substances  in  which  I  have  failed  to  discover 
them  may,  besides  saving  others  some  fruitless  labour,  be  of 
some  value. 

My  observations  may  be  referred  principally  to  two  heads, 
those  which  relate  to  the  effect  of  coloured  gases  and  vapours 
upon  transmitted  light,  and  those  which  arise  from  expe- 
riments on  the  s])ectra  produced  by  Hames  of  different  co- 
lours. 

Before  tletailing  the  mmle  in  which  the  following  experi- 
ments were  conducted,  I  will  briefly  stJite  the  principal  results 
which  I  have  obtained  from  the  first  series. 

1.  In  no  case  where  colourless  gases  are  employed,  liave  I 
detected  any  additional  lines.  Fourteen  different  substances 
were  employed,  varying  in  density  from  that  of  hydrogen, 
0*0691,  to  that  of  celher,  2*5Hf>,  and  hydriodic  aciti,  4-'388. 
Of  these  bodies  three  were  simple,  viz.  oxygen,  hydrogen  and 
nitrogen,  and  eleven  were  compounds,  varying  greatly  in  their 
mode  of  condensation,  ns  in  binoxide  of  nitrogen,  where  the 
elements  unite  without  condensation;  protoxide  of  nitrogen, 
where  three  volumes  of  the  gases  become  two;  and  animotiia,  in 
which  two  volumes  are  condensed  into  one;  in  chemical  pro- 
perties they  differed  not  less  widely.  I"'ive  of  these  gases  were 
acidy  the  carbutiic,  hydrosulphuric,  hydrochloric,  hydriodic, 
And  sulphurous  acid.     One  ammonia  is  alkaline,  one  cyano- 
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gen  is  usually  considered  an  organic  radicle,  one  a  compound 
of  such  a  radicle  as  aether;  the  remaining  one,  chloride  of 
sulphur,  possesses  i)roperties  referable  to  none  of  these  heads. 

'2.  The  mere  presence  of  colour  is  no  indication  of  the  ex- 
istence of  lines.  Vapours  which  the  eye  cannot  distinguish 
from  each  other  will  be  found  in  one  case,  as  with  bromine, 
to  give  numerous  lines,  in  another,  as  the  chloride  of  tungsten, 
to  give  none  at  all. 

3.  The  probable  position  of  the  lines  cannot  be  inferred 
from  the  colour  of  the  gas:  with  the  green  perehloride  of 
manganese  the  lines  are  most  abundant  in  the  green,  whilst 
with  the  red  vapours  of  nitrous  acid  they  increase  in  number 
and  density  as  we  advance  towards  the  bUie  end  of  the  spec- 
trum. 

4.  Simple  bodies,  as  well  as  compounds,  may  produce  lines  j 
and  two  simple  bodies  which  singly  do  not  produce  them,  may 
in  their  compounds  occasion  them  abundantly.  Neither  oxy- 
gen, nitrogen,  nor  chlorine,  when  uncombined,  occasions 
lines  5  but  some  of  the  oxides,  both  of  nitrogen  and  of  chlo- 
rine, exhibit  the  phasnomena  in  a  most  striking  manner* 
There  are,  however,  oxides,  both  of  nitrogen  and  of  chlorine, 
which  do  not  occasion  the  appearance  of  lines. 

5.  We  find  also  that  lines  may  exist  in  the  vapour  of  simple 
substances,  as  in  iodine,  which  disappear  in  their  compounds ; 
this  is  exemplified  in  the  hydriodic  acid,  a  combination  of 
equal  volumes  of  gaseous  iodine  and  hydrogen,  united  without 
condensation. 

6.  Sometimes  the  same  lines  are  produced  by  different 
degrees  of  oxidation  of  the  same  substances,  a  remarkable  in- 
stance of  which  is  furnished  in  the  oxides  of  chlorine.  Here 
chemical  considerations  of  interest  may  assist  in  explaining 
the  cause. 

7.  The  lines  are  increased  in  number  and  density  by  in- 
creasing the  depth  of  the  coloured  stratum  through  which  the 
light  is  transmitted,  or  by  any  cause  which  increases  the  in- 
tensity of  the  colour;  proving  that  more  lines  exist  than  our 
instruments  or  eyes  are  capable  of  discerning  when  the  vapour 
is  dilute.  This  is  especially  exemplified  with  iodine  and  bro* 
mine. 

8.  These  lines  occur  both  with  polarized  and  non-polarized 
light.  There  is  little  doubt,  although  I  have  not  yet  made 
the  experiment,  that  the  lines  thus  produced,  as  with  the  or- 
dinary solar  lines,  indicate  an  absence  of  chemical  influencej 
as  well  as  of  the  luminiferous  portion  of  the  ray. 

In  all  the  experiments  on  transmitted  light,  the  luminous 
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source  employed  was,  unless  otherwise  specified,  the  diffused 
light  of  day.  The  different  spectra  represented  in  Plate  II. 
were  obtained  by  receiving  the  rays  upon  a  prism  of  Mu- 
nich flint  glass,  mounted  upon  Fraunhofer's  plan  and  ad- 
justed to  an  achromatic  telescope,  placed  at  20  feet  from  a 
vertical  slit  in  a  brass  plate,  one-fortieth  of  an  inch  in  width 
and  about  4-  inches  long.  Half  of  this  slit  admitted  diffused 
daylight  in  its  ordinary  state,  the  other  half  of  the  aperture 
was  covered  by  the  tube  or  other  vessel  containing  the  gas  or 
coloured  vapour.  The  two  spectra  were  thus  placed  in  juxta- 
position, and  the  lines  of  Fraunhofer  could,  in  most  cases,  be 
traced  across  the  vapour-spectrum,  furnishing  exact  points  of 
comparison  between  the  two. 

By  increasing  the  depth  of  the  coloured  stratum,  we  in- 
crease the  strength  and  number  of  the  lines  visible;  new  and 
fainter  lines  being  rendered  discernible  by  rendering  the  colour 
of  the  gas  more  intense.  A  smaller  quantity  of  some  bodies 
is  capable  of  rendering  these  lines  visible  than  is  required  to 
produce  the  same  effect  with  others;  e.g.  a  quantity  of  iodine 
vapour,  just  sufficient  to  give  a  violet  tinge  to  the  air  in  the 
tube,  renders  the  lines  distinctly  perceptible,  whilst  with  a 
tube  of  bromine,  the  vapour  of  which  is  as  full  a  red  as  that 
of  nitrous  acid,  the  lines,  though  visible,  are  very  indistinctly 
defined.  I  have,  therefore,  in  experimenting  on  permanent 
gases  and  vapours  of  liquids  volatile  at  ordinary  temperatures, 
been  careful  not  to  decide  on  the  absence  of  lines  unless  the 
light  had  been  transmitted  through  a  body  of  vapour  at  least 
9  inches  deep.  It  is  possible  that  in  one  or  two  instances  of 
substances  which  require  high  temperatures  for  their  volatili- 
zation, the  employment  of  a  stratum  of  greater  depth  might 
have  revealed  spectral  lines,  as,  with  the  exception  of  sulphur, 
the  experiments  were,  on  account  of  the  difficulty  of  uniformly 
heating  larger  vessels,  performed  in  tubes  three-fourths  of  an 
inch  internal  diameter.  These  exceptions,  however,  if  they 
exist,  will  1  believe  be  very  few,  as  in  no  case,  by  using  thicker 
strata,  have  I  found  lines,  when  in  such  tubes  all  indications  of 
their  existence  were  wanting.  The  vessels  1  have  found  con- 
venient in  operating  on  the  larger  quantities  of  gases  are  rect- 
angular boxes  of  colourless  phite-gluss,  usually  cemented  with 
marine  glue. 

In  connexion  witli  the  effect  of  varying  the  depth  of  the 
coloured  stratum,  I  may  mention,  that  if  we  increase  the  in- 
tensity of  the  colour,  e.g.  with  nitrous  acid  by  the  application 
of  heu(,  the  lines  tiiroughout  the  whole  spectrum  become 
much  darker,  and  where  tney  are  few  in  number,  more  siiarplv 
defined ;  but  where  they  arc  ninnerou.s,  tiiey  increase  to  sucli 
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an  extent  as  altogether  to  arrest  the  passage  of  the  light,  and 
the  space  from  F  to  G,  which  in  fig.  4  represents  several  well- 
marked  groups,  becomes  one  continuous  band  of  shadow. 
On  allowing  the  tube  to  cool,  the  lines  in  this  part  resume 
their  former  distinctness.  Analogous  phsenomena  are  ob- 
served in  the  case  of  iodine;  this  vapour  acts  principally  on 
the  green  portions  of  the  spectrum,  and  if  the  vapour  be  at  all 
dense,  the  orange  and  yellow  spaces  appear  crossed  by  the 
equidistant  lines  (Plate  II.  fig.  2)  which  characterise  this 
vapour;  and  they  gradually  are  lost  in  the  green,  which  seems 
blotted  out  by  a  uniform  shadow.  As  the  tube  is  allowed  to 
cool,  and  the  mass  of  vapour  becomes  rarer  and  its  hue  fainter 
and  fainter,  the  lines  are  seen  by  degrees  extending  into  the 
green,  and  at  length  the  whole  shaded  portion  is  filled  with 
them :  they  do  not  disappear  in  this  part  until  those  in  the 
orange  and  yellow  are  gone,  and  until  the  last  tinge  of  violet 
in  the  tube  has  completely  passed  away.  In  most  instances, 
where  vapours,  and  not  gases,  are  the  subjects  of  experiment, 
it  will  be  found  advantageous  to  exhaust  the  air  and  seal  the 
tube  by  the  flame  of  a  blowpipe.  The  vapour  of  indigo  and 
of  several  other  bodies  is  thus  experimented  on  without  diffi- 
culty. 

I  need  not  advert  to  the  remarkable  but  now  well-ascer- 
tained fact,  that  in  the  light  of  the  afternoon  and  evening,  lines 
become  visible  which  at  other  times  are  not  readily  detected, 
and  that  those  of  the  red  and  orange  portions  of  the  spectrum, 
in  particular,  become  much  more  distinctly  marked;  but  a 
singular  appearance  accidentally  presented  itself  to  me  the 
other  day.  I  was  examining  the  spectrum  of  the  diffused  day- 
light towards  the  evening  when  a  violent  thunder-shower  came 
on;  lines  not  before  visible  were  distinctly  apparent,  and  a 
group  in  the  brightest  part  of  the  spectrum  between  D  and  E, 
though  nearer  to  the  former  line,  became  very  evident,  in- 
creasing in  distinctness  with  the  violence  of  the  shower ;  as  the 
rain  passed  away  they  again  faded  and  disappeared.  I  have 
had  subsequent  opportunities  on  several  occasions  of  confirm- 
ing the  accuracy  of  this  observation. 

In  fig.  1,  I  have  represented  approximatively  some  of  the 
principal  groups  of  lines  that  1  have  observed  in  daylight  after 
transmission  through  different  vapours.  No  pretensions  to 
accuracy  are  made  in  these  sketches;  they  are  simply  in- 
tended to  convey  an  idea  of  the  general  position  and  grouping 
of  the  lines. 

The  two  first  series,  those  of  bromine  and  iodine,  are  pro- 
duced by  simple  bodies;  the  remaining  ones  by  compounds 
containing  only  two  elements,  it  is  true,  but  the  arrangement 
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of  the  molecules  of  which,  it  is  all  but  certain,  is  far  more 
complicated  than  such  an  apparent  simplicity  might  warrant 
us  in  expecting. 

In  fig.  1  some  of  the  principal  solar  lines  are  depicted  as 
fixed  points  of  comparison. 

Fig.  2  gives  the  general  appearance  of  the  lines  presented 
by  iodine;  the  specific  gravity  of  this  vapour  is  8'707 ;  the 
lines  in  this  case  are  most  distinct  in  the  orange  and  yellow 
portions,  and  in  the  green  becoming  so  numerous  as  to  obli- 
terate it:  these  lines  are  not  sharply  defined,  but  shadow  off 
into  the  lighter  spaces  very  gradually*.  In  the  more  refran- 
gible part  of  the  spectrum  I  did  not  discern  them. 

Fig.  3.  Bromine  shows  lines  corresponding  to  those  of 
iodine;  they  are  less  distinct,  however,  and  can  scarcely  be 
discerned  in  the  orange  portions ;  the  violet  end  of  the  spec- 
trum is  entirely  intercepted.     Specific  gravity  5*390, 

Fig.  4.  Some  of  the  principal  lines  in  the  peroxide  of  ni- 
trogen, NO4,  specific  gravity  3*183,  the  gas  is  of  a  deep 
orange :  in  this  gas  one  vol.  of  nitrogen  and  twp  of  oxygen  are 
condensed  into  one. 

Fig.  5  gives  some  of  the  groups  exhibited  by  the  peroxide 
of  chlori?iey  ClgOg;  these  are  principally  confined  to  the  blue 
and  indigo  portions,  the  colour  of  the  gas  being  a  briglit 
orange.  No  correspondence  between  the  position  of  the 
principal  groups  in  these  two  gases  is  observable. 

It  appeared  to  me  of  great  interest  now  to  ascertain  wiiftt 
influence  the  successive  steps  of  oxidation  of  the  same  body 
might  have  upon  the  spectrum  ;  and  two  classes  of  bubstanoes 
presented  themselves  as  well-adapted  to  this  inquiry,  viz,  the 
oxides  of  chlorine  and  of  nitrogen. 

Thanks  to  the  researches  of  many  eminent  chemists,  and 
especially  of  Millon  and  Pelouze  in  the  last  few  years,  we 
are  now  in  possession  of  means  for  preparing  and  insulating 
these  compounds  of  chlorine  in  a  state  of  purity.  Finding  the 
lines  (fig.  5)  in  the  gas  extricated  from  chlorate  of  potash  on 
the  addition  of  sulphuric  acid,  I  next  ])repare(l  some  pure 
chlorous  acid  from  chlorite  of  lead  (PbO,  CIOJ;  this  halt, 
on  the  addition  of  nitric  acid,  furnished  chlorous  acid  (CIO3) 
in  a  state  of  purity.  In  this  gas  '2  vols,  of  chlorine  and  3  vols. 
of  oxygen  are  condensed  into  3  vols.,  and  it  has  a  specific 
gravity  of  ^'GUi;  and  on  proceeding  with  prismatic  analysis 
of  the  transmitted  light,  the  very  same  scries  of  lines  was  pro- 

*  I  am  iiiformcd  by  Prof.  Miller,  thut  with  instrtiments  of  l)i;;h  inngni- 
fy^^R  fiowcr  mid  acciirncy  of  lioflnitimt,  thuio  ImndH  nro  seen  distinctly  to 
\tv  ('oinjiooud  of  very  fiiiu  liiicii,  iiuruiiHiDg  in  ntiinbui'  and  btruiigtli  towurdH 
tlio  cciitrul  ur  diirkokt  portion  ui'tlic  Inind. 
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duced.  Chlorous  acid,  in  very  small  quantity,  is  capable  of 
tinging  a  very  large  bulk  of  water  of  a  bright  yellow  colour. 
As  the  gas  had  so  marked  an  effect  on  the  spectrum,  I  was 
induced  to  try  this  solution,  but  failed  entirely  in  discovering 
lines;  the  liquid  arrested  the  whole  of  the  more  refrangible 
rays  entirely,  no  light  passing  beyond  the  midspace  between 
E  and  F. 

I  now  prepared  some  pure  peroxide  of  chlorine  {C\c,  Og), 
freeing  it  from  chlorine  and  chlorous  acid,  by  which  it  is  aU 
ways  accompanied,  by  passing  the  gas  through  tubes  sur- 
rounded with  a  mixture  of  ice  and  salt;  the  peroxide  alone 
condenses  at  this  temperature,  and  the  deep  red  liquid  thus 
obtained  was  allowed  to  fall  into  a  tube  and  evaporate;  the 
same  series  of  lines  were  produced.  In  this  gas,  which  has  a 
specific  gravity  of  2"325,  1  vol.  of  chlorine  and  2  vols,  of  oxy- 
gen are  condensed  into  the  space  of  2  vols, 

Euchlorine  was  next  tried  ;  the  gas  was  disengaged  from  a 
mixture  of  hydrochloric  acid  and  chlorate  of  potash,  conden- 
sing the  compound  as  belbre  by  a  freezing  mixture :  to  this 
compound  Millon  assigns  the  curious  formula  of  ClgOjg;  here 
too  I  found  the  same  series  of  lines.  Millon's  theory  of  the 
composition  of  these  bodies  is,  that  the  jieroxide  of  chlorine  is 
a  compound  oi  chloric  and  chlorous  acids  in  single  equivalents, 
as  it  is  immediately  resolved  into  these  two  acids  by  the  action 
of  alkalies;  and  he  considers  the  euchlorine,  or  chloro-chloric 
acid,  as  he  proposes  to  call  it,  a  compound  of  1  eq.  CI  O3  with 
2  CIO5,  the  action  of  acids,  immediately  resolving  it  into  those 
acids  in  the  proportions  just  mentioned.  Certainly  the  oc- 
currence of  siniilar  lines  in  all  three,  although  the  condensa- 
tion varies,  does  not  militate  against  this  view,  but  increases 
its  probability. 

Millon's  new  compound,  chloro-perchloric  acid,  which  re-^ 
suits  from  the  action  of  solar  light  on  chlorous  acid,  I  have 
not  hitherto  obtained  in  a  state  of  sufficient  purity  to  pronounce 
upon. 

It  is  remarkable  that  the  hj/pochlorous  acid  (ClgO^),  though 
of  a  bright  greenish-yellow,  furnishes  no  such  lines;  the  den- 
sity of  this  gas  is  5*881,  2  vols,  of  chlorine  and  1  of  oxygen 
being  condensed  into  1.  It  is  an  interesting  fact,  that  the 
colourless  protoxide  of  nitrogen,  in  which  2  vols,  of  nitrogen 
and  1  vol.  of  oxygen  are  condensed  into  2,  having  a  specific 
gravity  of  1*524,  has  also  no  sensible  eflect  upon  the  spec- 
trum. 

In  the  series  of  oxides  of  nitrogen,  the  binoxidCf  NOg,  in 
which  1  vol.  of  nitrogen  is  united  with  1  vol,  of  oxygen  with- 
out condensation,  also  a  colomless  gas,  has  no  effect  on  tlie 
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spectrum.     No  oxide  corresponding  to  this  in  the  chlorine 
series  is  as  yet  known. 

Hyponitrous  acid  I  have  not  isolated  in  sufficient  purity  to 
furnish  trustworthy  results. 

Fig.  6  represents  the  grouping  of  these  lines  as  seen  in  day- 
light transmitted  through  the  vapours  of  perchloride  of  man- 
ganese, which  is  readily  prepared  by  adding  a  few  crystals  of 
permanganate  of  potash  to  oil  of  vitriol  in  a  test-tube,  and 
dropping  in  a  fragment  of  fused  chloride  of  sodium,  a  green 
vapour  (MngCL)  is  immediately  liberated,  which  is  however 
quickly  decomposed  by  the  moisture  of  the  air.  It  will  be 
remarked,  that  in  this  vapour,  the  colour  of  which  is  green,  the 
lines  are  most  abundant  in  the  green  part  of  the  spectrum,  the 
green  tint  of  the  gas  being  due  principally  to  the  mixture  of 
the  blue  and  yellow  rays. 

The  pe7jluoride  of  manganese,  which  corresponds  in  compo- 
sition to  the  perchloride,  does  not  yield  any  lines  that  I  could 
perceive,  but  the  moment  a  fragment  of  common  salt  is  dropped 
into  the  mixture  from  which  the  fluoride  is  being  disengaged, 
the  lines  of  the  perchloride  make  their  appearance.  Both  the 
perchloride  and  perfluoride  are  decomposed  by  water,  and  on 
dropping  in  a  little  of  this  fluid  into  the  tube  of  perchloride, 
all  the  lines  instantaneously  disappear.  The  purple  vapour  of 
the  permanganic  acid,  in  which  the  number  of  equivalents  of 
oxygen  corresponds  to  that  of  chlorine  and  fluorine  in  these 
compounds,  is  equally  inactive  with  the  fluoride. 

I  have  examined  very  many  other  substances  which  yield 
vapours  of  different  colours,  but  have  not  succeeded  in  finding 
any  which  give  distinct  lines  besides  those  above  mentioned, 
with  the  telescope  whicli  I  en)ployed.  It  was  not,  however, 
an  instrument  of  very  high  power. 

Simple  bodies: — 

Chlorine. — Greenish-yellow  colour;  specific  gravity  2*4 7. 
This  is  the  more  remarkable,  as  bromine  and  iodine  both  give 
them. 

Sulphur. — Yellow ;  specific  gravity  6'654f, 

Selcu  ium. — Yellow. 

Compounds:— 

Selenious  acid. — Yellow  (SeOj). 

Hypochlorous  acid, — Yellow;  specific  gravity  2*993  (CljOg). 

Oxychloridc  of  chromium. —  (Cr  CI  O,^);  reel  vapours*. 

Oxychloride  of  tungsten. — (WCIO.^);  red  vapours. 

Terchloride  of  tungsten. — (WCI3);  red. 

•  IVof.  Miller  InforiiiA  iiur,  thiit  by  mcims  of  iiii  in.tti'diiiont  of  superior 
qiinlity,  ho  luu  Hiicccodod  in  iiiitii)f}iiif{  liiiiiseif  tliiit  lines  iirc  produced  by 
tbii  vnpuur. 
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Sesquichloride  of  iron. — (Fe^Clg) ;  reddish-brown. 

Perjiuoride  of  manganese  {M.n^¥\.y). —  Greenish-yellow.  This 
is  remarkable,  as  the  perchloride  gives  a  very  distinct  series. 

Permanganic  acid  (Mn2  07). — Purple.  This  is  beautifully 
shown  by  allowing  a  drop  of  water  to  fall  into  a  tube  full  of 
the  perchloride  of  manganese,  when  all  the  lines  immediately 
disappear. 

Indigo. — Splendid  crimson  vapour  (C,g  Hg  NO2). 

Alizarine  h'om  madder. — Orange  vapour  (C37H12OJ0).  Both 
these  substances  require  careful  management  in  the  sublima- 
tion, as  they  are  readily  charred,  and  a  small  portion  is  always 
decomposed,  whatever  the  amount  of  care  employed. 

In  making  experiments  on  coloured  flames,  I  generally 
used  an  alcoholic  solution  of  the  compound  on  which  I  was 
experimenting.  A  common  cotton  wick  supported  in  a  small 
glass  tube  furnished  the  lamp  whose  flame  I  wished  to  exa- 
mine. This  little  lamp  was  placed  opposite  the  fissure,  in  a 
tin  box,  the  side  of  which  next  the  slit  was  permanently  open, 
whilst  the  opposite  side  was  furnished  with  a  door  opening 
outwards  and  upwards,  so  that  by  a  string  it  could  be  raised 
to  admit  the  light  of  day,  and  would  afterwards  close  by  its 
own  weight  when  allowed  to  fall  back.  Fraunhofer's  lines 
(Plate  III.  fig.  7)  thus  again  served  as  points  of  comparison ; 
the  comparison,  though  not  rigidly  accurate,  being  still  very 
nearly  so,  and  perfectly  sufiicient  for  my  purpose. 

Fig.  8  in  Plate  III.  exhibits  the  remarkable  spectrum  given 
by  a  solution  of  chloride  of  copper.  Several  intervals  of  abso- 
lute darkness  here  occur,  interrupted  by  bright  lines  of  great 
intensity,  particularly  in  the  green  and  blue  spaces.  The 
general  hue  of  the  diff'used  light  is  a  bluish-green. 

Fig.  9  represents  the  spectrum  from  the  green  light  of  bo- 
racic  acid,  in  which,  besides  the  bright  streak  at  D,  five  well- 
marked  bright  bands  occur  in  the  yellow  and  green,  and  a 
narrow  line  in  the  indigo. 

Fig.  10  is  the  spectrum  from  nitrate  of  strontia,  the  red  and 
orange  portions  of  which  are  particularly  developed,  and  are 
crossed  by  three  very  strong  black  lines ;  a  bright  line  will  be 
remarked  in  the  blue  and  another  in  the  indigo. 

Fig.  11  is  that  from  an  alcoholic  solution  of  chloride  of  caU 
cium ;  besides  the  lines  in  the  orange,  there  is  a  very  brilliant 
yellow  streak  at  D,  and  two  bright  bands  in  the  yellow :  in 
addition  to  these  is  a  bright  streak  in  the  indigo. 

Fig.  12  represents  the  spectrum  of  a  flame  coloured  by 
chloride  of  barium.  It  is  in  its  features  intermediate  between 
that  of  strontia  and  lime;  the  most  remarkable  character  is  in 
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a  bright  streak  in  the  orange,  another  in  the  yellow,  and  one 
in  the  indigo. 

Even  chloride  of  sodinm^  though  the  intensity  of  the  light  is 
ftccumiilated  in  the  bright  band  near  D,  shows  a  marked  ten- 
dency to  the  occurrence  of  bands  in  other  parts;  a  distinct, 
though  faint  light  extending  far  into  the  indigo,  when  a  bright 
streak  terminates  it  almost  suddenly. 

Chloride  of  manganese  gives  indications  of  the  occurrence 
of  bands,  though  but  feebly.  I  have  also  tried  solutions  of 
the  chlorides  of  iron,  zinc,  cobalt,  nickel,  mercury  and  mag- 
nesia :  in  all  a  feeble  band  occurs  in  the  green  portion,  as  re- 
presented in  the  three  last  spectra ;  this  is  probably  connected 
with  the  disengagement  of  chlorine  from  the  salts  during  com- 
bustion; and  the  bichloride  of  mercury  gives  a  bright  streak 
near  G  in  the  indigo. 

The  combustion  of  phosphorus  in  the  open  air  gives  a  pure 
spectrum  without  lines.  1  tried  it  also  in  chlorine,  but  did 
not  obtain  any  very  clear  spectrum,  as  the  deposition  of  chlo- 
ride on  the  jar  quickly  rendered  it  opake. 

Another  source  of  light  was  furnisljed  by  the  ignition  of 
different  substances  in  the  oxyhydrogen  jet:  the  light  thrown 
directly  upon  the  prism  was  too  intense  for  the  eye  to  bear, 

1  therefore  received  it  on  a  sheet  of  white  })aper,  and  em- 
ployed the  diffused  light  so  obtained.  In  the  spectrum  from 
charcoal  nearly  midway  between  D  and  E,  a  very  short  bril- 
liant streak  was  visible,  and  the  same  streak  appeared  when 
the  flame  was  thrown  upon  a  fragment  of  dried  ahim. 

Lime  and  strontia  gave  results  similar  to  those  furnished  by 
the  solution  of  their  salts  when  used  to  tinge  the  flame  of  al- 
cohol, but  not  quite  so  well  marked.  Baryta  melted  too 
rapitlly  to  furnish  any  satisfactory  result. 

Zincy  iron,  steel  and  plalimiin  gave  brilliant  spectra,  but  no 
lines  except  that  at  I>  were  visible.  Copper^  lead  and  anti" 
momj  n)elted  without  giving  light  suflicient  to  make  any  satis» 
factory  observation. 

It  moy  be  interesting  to  remark,  in  connexion  with  the  spe- 
culations on  the  absorptive  action  of  the  sun's  atmosphere,  that 
if  solar  liglu  be  transmitted  through  a  ilame  cxiiil)iting  well- 
marked  black  lines,  thetie  lines  reappear  in  the  compound 
spectrum,  provided  the  light  of  day  bu  not  too  intense  com- 
pared with  tluit  of  the  coloured  flame:  this  may  be  seen  in  the 
red  light  of  the  nitrate  of  strontin,  and  less  perieclly  in  tiie 
green  of  the  cidoride  of  coj)per.  It  would  therefore  appear 
that  luminous  atmospheres  exist  in  wliich  not  only  certain  rays 
are  wanting,  l)ut  wiiicli  exercise  a  positive  absorptive  influence 
upon  other  ligiils. 
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It  was  rny  intention  to  have  instituted  a  comparative  series 
of  experiments  with  the  light  obtained  by  ignition  of  the  metals 
by  the  voltaic  battery,  but  this  point  has  already,  I  find,  en- 
gaged the  attention  of  my  friend  and  colleague  Professor 
VVheatstone ;  and  he  has  made  it  the  subject  of  an  investiga- 
tion, characterized  by  his  usual  ingenuity  and  accuracy, 

XVI.  On  Imaginary  Zeros,  and  the  Theory  of  Cotijugate 
Points.  By  J.  R.  Young,  Professor  of  Mathematics  in 
Belfast  College"^, 

IN  a  paper  read  at  the  last  meeting  of  the  British  Associa- 
tion, the  writer  of  these  remarks  had  occasion  to  notice 
the  errors  frequently  committed  by  neglecting  the  algebraic 
sign  of  zero  in  the  extreme  or  limiting  ciises  of  certain  infinite 
series  ;  and  to  shov/  that  this  neglect  had  led  Abel  and  other 
distinguished  analysts  to  conclusions  incompatible  with  the 
general  laws  of  algebra. 

P'or  example :  Abel  says,  in  reference  to  the  series 

^  (p  =  sin  (p  — —  sin  2  <p  +  --  sm  3  ^  —  , . . ., 

that  "lorsque  (p  —  irou  —  tt,  la  serie  se  reduit  a  zero,  comme 
on  voit  aisement.     II  suit  de  la,  que  la  fonction 

sin  (p  —  —  sin  2  (p  +  —  sin  3  (p  —  . , . ., 

a  la  propriete  remarquable,  pour  les  valeurs  f  ss-k,  eX  ^  =  —ir 
d'etre  discontinue."  {CEuvrcs,  tom.  i.  p,  90.) 

But  this  conclusion  is  erroneous  j  for  it  is  overlooked  that 
when  <p  becomes  w,  sin(p  vanishes  positively,  sin 2  ip  negatively, 
sin  3  ip  positively,  and  so  on  ;  and  that  when  f  becomes  —  tt, 
the  signs  of  the  several  vanishing  terms  are  the  opposltes  of 
these;  so  that,  the  continuity  being  still  preserved,  we  have, 
in  these  extreme  cases, 

and  -i-,=  (i+i.+i.  +  ...)  x-O; 

from  either  of  which  we  learn  that 
1 

2"  11 

=  oo  =  l  +  -^H H , 

0  2  3' 

a  result  that  we  know  to  be  true  from  other  principles. 

♦  Read  at  the  Meeting  of  the  British  Association  at  Cambridge,  June 
1845,  and  communicated  by  the  author. 
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As  it  is  thus  important  to  inquire  whether  the  sign  of  an 
evanescent  quantity  be  plus  or  minus,  may  it  not  be  of  equal 
importance  to  ascertain,  in  certain  investigations  of  analysis, 
whether  that  sign  be  real  or  imaginary?  That  attention  to 
this  is  of  consequence  in  the  application  of  algebra  to  geometry 
will  appear  by  taking  the  extreme  case  of  the  ellipse,  when  by 
the  continual  shortening  of  the  minor  diameter,  the  curve  ulti- 
mately degenerates  into  a  finite  straight  line — the  major  dia- 
meter: the  equation  to  this  ultimate  form  of  the  ellipse  is 

V  =  —  s/  a^  —  x^. 

Between  the  limits  x=—a  and  a.'=+«,  the  evanescent 
quantity  on  the  right  is  real,  implying  that  every  point  on  the 
axis  of  a;  which  does  not  lie  without  these  limits,  is  a  real 
point  of  the  locus.  But  if  a;  exceed  a,  in  either  the  positive 
or  the  negative  direction,  the  evanescent  quantity  is  imaginm'i/\ 
and  consequently,  in  accordance  with  the  ordinary  interpre- 
tation, the  corresponding  points  on  the  axis  of  x  are  beyond 
the  bounds  of  the  locus. 

If  the  curve  had  been  an  hyperbola  instead  of  an  ellipse, 
the  equation,  in  the  extreme  case,  would  have  represented  two 
infinite  straight  lines  in  directum  with  the  axis  of  abscissas, 
but  separated  from  each  other  by  an  interval  equal  to  the  fixed 
principal  diameter. 

But  it  is  in  the  theory  of  conjugate  points  that  the  imagi- 
nary zero  is  in  a  more  especial  manner  an  item  of  importance; 
and  it  is  from  the  disregard  that  has  hitherto  been  paid  to  it, 
that  the  discrepancies  and  contradictions,  to  be  found  in  the 
most  recent  expositions  of  that  theory,  chiefly  arise. 

That  such  contradictions  really  exist  may  be  easily  shown  : 
thus  Mr.  Walton,  in  a  very  ingenious  and  instructive  paper 
on  tiiis  subject  in  the  Cambridge  Mathematical  Journal,  vol. 
ii.  )>.  164,  says,  in  reference  to  tlie  doctrine  almost  universally 
taught,   "  Several  writers  on  the  calculus  have  erroneously 

supposed  ~-i  at  a  conjugate  point,  is  necessarily  imaginary." 

And  the  late  distinguisiied  Mr.  Gregory,  in  his  valuable  Ex- 

(l  V 

nmples,  states  that  "it  may  happen  that  -.-^  and  any  number 

of  the  differential  cocflicicnts   are    possible  at  a   conjugate 
point"  (p.  162).     In  the  preceding  page  we  find  it  aflirmcd 

thati  **  If  ^  is  found  to  have  two  or  more  equal  and  possible 

values,  there  nrc  two  or  more  branches  of  the  curve  touching 
each  other  in  one  point,  which  is  called  a  \)o'\u\.o^  osaUationJ* 
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And  yet  at  page  170  it  is  said,  "  The  curve  whose  equation  is 
{c'^y-a^f=[x-hf{x-af,  a<h 

has  a  conjugate  point  whose  co-ordinates  are  x  =  a,  j/  =  -^, 

but  the  differential  coefficients  are  possible  till  we  come  to  the 
third."  Now  these  differential  coefficients,  tlius  affirmed  to 
be  possible,  give  each  a  pair  of  equal  values ;  so  that  the  point 
under  consideration  ought  to  be  pronounced,  not  a  conjugate 
point,  but  a  point  of  osculation*. 

Again,  the  most  prevalent  doctrine  respecting  conjugate 
points  is,  that  every  such  point  may  be  correctly  regarded  as 
an  evanescent  oval;  and  simultaneously  with  this  view  it  is 
also  maintained  that  the  existence  of  the  point  is  indicated  by 

-T^  becoming  imaginary  {Lacroix,  English  translation,  p.  99). 

But  in  Mr.  Walton's  paper,  before  referred  to,  it  is  affirmed 

d  y 
that,  according  to  the  theory  of  the  evanescent  oval,  "  -^ 

must  remain  perfectly  indeterminate;"  while  Prof.  De  Morgan 
declares  (Differential  and  Integra!  Calculus,  p.  382)  that  "  it 
is  useless  to  attempt  a  test  of  a  conjugate  point  by  the  differ- 
ential calculus." 

It  is  clear,  from  the  above  contradictory  views,  that  the 
theory  of  conjugate  points  is  still  in  an  unsettled  state;  but 
before  attempting  to  reconcile  these  contradictions — for  after 
all  they  are  more  apparent  than  real — it  may  be  well  to  offer 
a  remark  or  two  on  the  principle  of  continuity  in  reference  to 
inquiries  of  this  kind. 

It  appears  to  me  that  this  important  principle  universally 
prevails  in  all  the  general  expressions  of  analysis;  and  that  it 
is  incorrect  to  affirm  that  it  suffers  any  breach  or  interruption 
in  any  instance  whatever.  No  doubt  a  continuous  series  of 
real  values,  furnished  by  a  general  analytical  expression,  may 
terminate,  and  a  new  series — a  series  of  imaginary  values — be 
originated,  both  series  conforming  equally  to  the  law  implied 
in  the  general  form ;  but  no  instance  can  be  adduced  in  which 
a  continuous  series  of  imaginary  values  becomes  interrupted  by 
the  interposition  of  a  single  real  value,  and  is  then  again  re- 
sumed ;  although  such  a  remarkable  interruption  is  frequently 
said  to  happen  at  a  conjugate  point,  and  analogous  circum- 
stances are  often  said  to  occur  in  other  analytical  inquiries,  as 
for  instance  by  Abel,  at  the  place  already  quoted,  and  again 

*  In  reality  the  osculation  will  be  that  of  two  imaginary,  not  of  two  real 
branches  of  the  curve,  since  the  equal  values  alluded  to  are  imaginary,  as 
will  be  seen  hereafter. 
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in  the  foot  note  at  p.  71  of  his  first  volume^  as  also  at  p.  268 
of  the  second  volume. 

It  is  a  valuable  peculiarity  of  algebra,  that  it  supplies,  by 
indications  of  its  own,  cautionary  information  which,  if  at- 
tended to,  would  prevent  hasty  interpretations  of  this  kind. 

The  symbol  — '>  as  is  well  known,  is  often  such  an  indication ; 

and,  as  Lagrange  has  observed,  is  the  form  which  analysis 
assumes  to  preclude  a  violation  of  its  own  laws. 

The  hitherto  neglected  symbol  0^  —  1,  is  a  symbol  of  like 
character;  its  office  being  to  apprise  us  that  whenever  we  ar- 
rive at  it,  by  passing  over  a  continuous  series  of  values  for  the 
quantity  that  has  thus  become  zero,  the  corresponding  conti- 
nuous series  of  values  of  the  function  itself  is  an  imaginary 
series,  with  which  imaginary  series  the  value  arrived  at  neces- 
sarily unites,  and  must  thus  be  itself  considered  as  imaginary. 
It  is  possible  that  if  this  imaginary  zero  be  arrived  at  through 
a  descending  series  of  values,  it  may  appear  as  a  real  zero 
when  reached  through  an  ascending  series,  and  vice  versa. 
But  this  implies  no  contradiction,  nor  would  it  lead  to  the 
conclusion  that  the  same  point  would,  in  such  a  case,  be  both 
real  and  imaginary;  the  proper  inference  would  be  that  the 
imaginary  point  is  superposed  upon  the  real  point,  or  that  the 
imaginary  branch  of  the  curve  passes  through  a  real  jioint  of 
the  locus.  If,  however,  the  zero  continue  to  be  imaginary,  in 
whichever  way  we  arrive  at  it,  then  the  values  of  the  function 
continue  to  be  imaginary  after  tlie  passage  through  this  zero, 
as  well  as  before.  Ai  the  passage  a  real  point  no  doubt  exists 
— not  however  to  interrupt  the  continuous  series  of  imaginary 
values  adverted  to — it  exists  independently  of  that  series,  and 
free  from  all  connexion  with  it;  inasmuch  as  the  co-ordinates 
of  the  point  satisfy  the  equation  though  the  symbol  0  a/  — 1, 
implying  sucli  connexion,  be  suppressed;  the  co-ordinates  of 
this  conjugate  point  will  therefore  be  determined  by  finding  the 
co-ordinates  of  the  imaginaiy  point  situated  upon  it,  and  then 
suppressing  the  symbol  0  v^  —  1 . 

In  like  manner  there  is  no  interruption  of  continuity  in  those 
curve^i  that  iiavc  what  have  been  axWed  punctuated  branches  \ 
tile  continuous  branches,  whether  real  or  imaginary,  exist  in- 
dependently of  the  assemblage  of  real  points  constiluling  the 
punctunteil  branch ;  and,  as  among  these  no  continuity  ever 
wxitiied,  it  would  be  wrong  to  sj)cak  of  any  interruption  of  con- 
tinuity in  reference  to  them. 

From  the  foregoing  considerations  it  is  easy  to  Infer  ])lain 
and  unequivocal  rules  for  the  determination  of  coigugate  points, 


and  tlie'Theory  of  Conjugate  Points.  D5 

keeping  in  mind  the  additional  principle,  that  when  y  becomes 

.  dy 

imaginary,  for  a  particular  value  of  x,  the  coefficients  ^, 

J-—,  -T^,  &c.  must  also  be  imaginary  for  the  same  value  of  ar, 

Inasmuch  as  differentiation  does  not  Interfere  with  the  radi- 
cals which  affect  x  m  the  original  function  j/.  We  thus  ob* 
tain  the  following  criteria : — 

1.  Let  the  equation  be  solved  for  one  of  the  variables ;  then 
if  any  pair  of  values  for  .v  and  1/  which  satisfy  the  resulting 
explicit  equation,  differ  from  real  values  only  by  the  sym- 
bol 0  V'  —  I,  in  whichever  direction  we  arrive  at  the  zero,  those 
real  values  will  be  the  co-ordinates  of  a  conjugate  point. 

2.  If  it  be  inconvenient  to  solve  the  equation  for  one  of  the 
variables,  we  may  take  a  differential  coefficient  of  any  order 
whatever;  then,  if  any  pair  of  values  for  x  and  ?/  render  this 
coefficient  imaginary,  and  at  the  same  time  satisfy  the  rational 
equation  of  the  curve,  those  values  will  be  the  co-ordinates  of  a 
conjugate  point;  it  being  observed,  as  before,  that  if  the  ima- 
ginary value  differ  from  a  real  value  only  by  0  v'— 1,  this 
Zero  must  remain  imaginary  in  whichever  direction  we  arrive 
at  it.  In  the  contrary  case,  a  limit  or  a  cusp  will  be  implied, 
and  not  a  detached  point. 

Let  us  apply  these  principles  to  the  example  already  quoted 
from  Mr.  Gregory,  viz. 

(c2_y-^y  =  {x-bY{x-a)%  a<cb; 

solving  this  for  ?/,  we  have 

c^j/  =  (^x—b)^  {x    •flr)3  +  ^i 


which,  for  x  =  a,  gives  y  =  —^  +  0  \/  —m^  (m  being  put  for 

i  — a) ;  and  as  the  zero  remains  imaginary,  whether  x  =  a  be 
arrived  at  from  a  succeeding  or  a  preceding  value  of  c^,  we 

conclude  at  once  that  the  co-ordinates  x  =  a,  y  =  -g,  belong 

to  a  conjugate  point. 

If  diflerentiation  be  employed,  we  find  the  imaginary  to  be 

zero,  both  in  -r-  and  in  -7-^,  but  to  be  finite  in  -^-=|.     We 
dx  dx^  dar 

may  therefore  conclude  that  in  the  imaginary  curve  through 

,  .  .  dy       id^y        .      .  ,  -        • 

tlie  conjugate  pomt,  y,  -f^  and  —^  each  give  equal  imaginary 

d^  11 
values,  while  the  imaginary  values  of  -j^  are  unequal  at  that 


s 
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point :  the  imaginary  curve,  according  to  the  inference  of  Mr. 
Gregory,  "  has  contact  of  the  second  order  with  the  plane  of 
the  axes*." 

I  have  employed  the  term  imaginary  in  the  foregoing  ob- 
servations in  accordance  with  the  usual  phraseology ;  but  the 
views  of  Mr.  Warren  and  Dr.  Peacock,  in  reference  to  the 
geometrical  interpretation  of  the  roots  of  unity — and  which 
views  Mr.  Gregory  and  Mr.  Walton  have  done  so  much  to 
illustrate  and  confirm — will  necessarily  lead  to  the  abandon- 
ment of  this  expression  in  the  application  of  analysis  to  curvesf. 

From  what  has  now  been  shown,  it  appears  that  it  is  not 
"useless  to  attempt  a  test  of  a  conjugate  point  by  the  differ- 
ential calculus:"  since  this  point  has  the  same  situation  as 
another  which  unites  with  the  continuous  series  of  points  form- 
ing an  imaginary  curve,  or  a  curve  out  of  the  plane  of  the  co- 
ordinates, and  to  any  continuous  series  of  values  the  calculus 
is,  of  course,  always  applicable.  But  we  may  connect  the 
isolated  point  with  a  continuous  series  of  real  values,  by  re- 
arding  it  as  the  extreme  case  of  a  series  of  diminishing  ovals. 
y  confining  our  attention  to  this  latter  continuous  series,  the 

values  of  -^  at  the  point  become  innumerable,  and  all  real ; 

ax  '^ 

by  confining  our  attention  to  the  former  continuous  series,  the 

values  of -^  become  imaginary;  but  if  we  consider  the  point 

in  its  detached  state,  unconnected  with  either  series,  then,  of 
course,  to  attempt  to  apply  the  calculus  would  be  absurd. 
The  equation 

•  In  strictness  it  has  contact  of  the  second  order  with  a  certain  curve  in 
this  phine;  the  curve,  namely,  of  which  every  point,  indifferently,  is  repre- 

tented  by  the  co-ordinates  of  the  conjugate  point,  *  =  «,  j/  =  -s.  wnen  a  is 

.      .        x^ 
supposed  to  vary ;  in  other  words,  the  curve  whose  equation  is  5^=-j ;  for 

y,  -^  and  --^,  when  a  is  put  for  j,  will,  with  the  exception  of  the  imagi- 
nary zero,  be  the  same  in  both  curves.  When  the  imaginary  curve  is 
viewed  as  a  real  curve  out  of  the  plane  of  co-ordinates,  as  Mr.  Gregory 
views  it,  I  must  confess  that  I  do  not  sec  tlu;  grounds  of  the  inference, 
quoted  above,  as  to  tiie  order  of  contact  with  tins  plane. 

f  The  writer  of  these  remarks  is  anxious  here  to  express  his  conversion 
to  thete  views  of  Ur.  Peacock;  and  he  wishes  to  do  so  thus  publicly,  be- 
cause upon  a  former  occasion  (Mathematical  Dissertations,  p.  30)  he  ven- 
tured to  state  his  misgivings  as  to  their  accuracy,  although  he  took  care  to 
do  so  with  that  U'coming  hesitation  and  respect  which  ho  felt  to  be  due 
towards  so  high  an  authority. 
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furnishes  a  good  illustration  of  these  remarks.     By  solving  it 
for  one  of  the  variables,  we  have 

y  =  b  ±  \/'—  {x  —  af  =  b  ±{x  —  a)\^  —  \, 
which  for  x  =  a,  however  this  value  of  jr  be  reached,  becomes 
y^^  +  Ov^  —  l;  therefore  x  —  a,y  =  h  are  the  co-ordinates  of 
a  conjugate  point. 

Again,  by  differentiating  the  equation,  we  have 

dy  _      x—a  _      —{x—d)  

'dx~~  y  —  b~  {x—a)  ^/^^\  —  ^  ~^'- 

this,  for  a*  =  «,  as  indeed  for  every  value  of  x^  is  imaginary; 
and  as  this  value  of  .r,  conjointly  with  j/  =  Z>,  satisfies  the  ra- 
tional equation  proposed,  a  conjugate  point  is  thus  indicated. 
Lastly,  by  regarding  the  equation  as  the  extreme  case  of 

(a— a)2  +  {y-hf  =  r\ 
we  have 

dy  _     x—a  _       —{x—a) 

dx  y—b  Vr'^—{x—aY 
For  .r=f/,  simply,  this  no  longer  becomes  a  vanishing  fraction ; 
the  numerator  only  becomes  zero:  in  order  that  the  denomi- 
nator may  vanish  also,  we  must  introduce  the  additional  hy- 
pothesis r  =  0;  thus  numerator  and  denominator  vanish  in 
consequence  of  two  distinct  hypotheses,  so  that  in  this  case  the 
fraction  is  necessarily  indeterminate ;  hence  when  the  circle 

degenerates  into  a  point,  the  values  of -y^  are  unlimited;  and 

conversely,  when  these  values  are  unlimited,  the  circle  dege- 
nerates into  a  point — the  same  point  that  was  indicated  by  the 
preceding  methods. 
Belfast,  June  9,  1845. 

XVI I .  On  Slyrole,  afid  some  of  the  Products  of  its  decomposition. 

By  Dr.  John  Blyth  and  Dr.  Aug.  Wilhelm  Hofmann*. 
^p^HE  class  of  bodies  comprehended  under  the  general  name 
-■-  of  Balsams  has  not  been  forgotten  in  that  active  investi- 
gation of  organic  bodies  to  which  chemists  have  with  predi- 
lection devoted  themselves,  since  the  discovery  of  easier  and 
securer  methods  of  investigation  have  removed  the  chief  diffi- 
culties. An  examination  of  these  substances  was  indeed  highly 
desirable,  as  the  knowledge  of  them  derived  from  older  works 
no  longer  corresponded  to  the  present  state  of  the  science. 
The  earlier  investigations  of  these  substances  were  purely 
*  Communicated  by  the  Chemical  Society;  having  been  read  April  7, 

PhiL  Mas,.  S.  3.  Vol.  27.  No.  1 78.  Aimist  1 84.5.         H 
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qualitative;  everything  crystalline  and  which  united  with 
bases  was  benzoic  acid;  those,  on  the  other  hand,  which  did 
not  enter  into  combination  were  described  as  camphor.  If, 
on  distillation,  a  volatile  fluid  body  was  obtained,  it  was  con- 
sidered sufficient  to  state  that  the  substance  contained  also  a 
volatile  oil. 

Since  the  discovery  of  the  potash  apparatus  has  introduced 
an  entirely  new  mode  of  investigation,  our  knowledge  on  these 
points  has  considerably  augmented.  The  labours  of  Fremy, 
Plantamour,  Simon  and  Deville,  are  rich  in  interesting  results. 

Along  with  the  proper  balsams  of  Peru,  Tolu,  &c.,  there 
is  also  known  in  commerce  a  material  whose  extraction  is 
uncertain,  called  liquid  storax  {Styrax  liquidus)^  which,  from 
its  properties,  is  closely  allied  to  this  class  of  substances. 
Fluid  storax  has  already  been  the  subject  of  several  investi- 
gations. The  earliest  known  to  us  is  that  of  Bouillon- La- 
grange*. It  contains  no  results  at  all  deserving  of  notice. 
He  considered  the  crystalline  acid  present  in  storax  as  ben- 
zoic acid.  More  lately,  Bonastref  communicated  observations 
on  fluid  storax,  He  investigated  a  crystalline  deposit  which 
had  been  formed  in  an  alcoholic  solution  of  the  balsam  long 
kept.  These  crystals,  which  Bonastre  took  at  first  for  ben- 
zoic acid,  were  insoluble  in  cold  and  hot  water,  but  soluble  in 
alcohol ;  the  solution  had  no  acid  reaction.  To  this  indifferent 
crystallizable  body  he  gave  the  name  styracine.  He  ibund 
the  same  substance,  along  with  many  others,  again  in  an  in- 
vestigation of  the  American  Copal  J,  a  balsam  which  in  many 
points  resembles  storax. 

The  most  complete  investigation  of  fluid  storax  we  owe 
more  lately  to  Edward  Simon"?;.  This  chemist  fir.st  showed 
that  the  acid  found  in  the  balsam,  and  which  had  been  hitherto 
taken  for  benzoic  acid,  possessed  all  the  properties  of  cinna- 
mic  acid.  An  analysis  of  the  silver  salt  made  by  Marchand  H 
put  this  beyond  a  doubt.  Simon  gave  also  some  fuller 
detaiU  on  the  substance  named  styracine  by  Bonastre,  and 
finally  lie  examined  tlie  oil  obtained  from  fluid  storax  by  di- 
stillation with  water,  and  which  in  its  properties  was  (}uite  dif- 
ferent from  that  prepared  by  Bonastre  from  the  Copal  balsam. 
Tu  this  oil  from  storax  he  gave  the  name  styrole. 

The  investigation  of  this  chemist  is  rich  in  interesting  ob- 
servutions;  on  the  otiicr  hand  it  contains  in  proportion  but 

•  /Inn.  dc  r/i.  ct  de  Phux.,  1st  »ep„  t.  xxvl. 
t  Journ.  do  J'harm.,  vol.  xiii.  p.  141).  I8ii;7- 

X  Journ.  dv  I'/iarin.,  vol.  xvii.  p.  338.   1.S31  )  ftiid  Mog'/i'r  Pharm. ^voa 
Qeigcr  und  Liubig,  vol.  xxxvi.  p.  HO. 
i  hicbig't  Annal.,  vol.  xxxi.  p.  26fi. 
II  Journ. fUr  Prakt,  Chan.,  vol.  xvi.  p.  60. 
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few  analytical  determinations.  From  the  analyses  of  Mar- 
chand,  Simon  gives  the  per-centage  composition  of  sty  role  and 
styracine,  without  however  at  all  attempting  to  assign  rational 
formulae.  The  determination  of  such  formulae  was  however 
of  much  interest,  as  only  by  these  could  the  relations  of  the 
compounds  to  other  groups  be  shown.  To  fill  up  this  blank, 
we  undertook,  at  the  request  of  Prof.  Liebig,  to  make  some 
inquiries  in  this  direction :  these  were  performed  in  the  la- 
boratory of  Giessen,  and,  we  need  scarcely  add,  that  during 
their  course  we  were  assisted  by  his  advice. 

We  commence  with  the  description  of  the  oil  of  storax. 

Sty  role. 

1.  Preparation. — The  material  which  we  employed  for  the 
preparation  of  sty  role  was  the  common  commercial  "  liquid 
storax."  It  possesses  a  dark  gray  colour,  and  at  the  tempe- 
rature of  summer  is  of  a  soft  consistency,  which  allows  it  to  be 
drawn  into  threads.  At  a  low  temperature  (0°  C)  it  is  hard 
and  brittle.  It  has  a  highly  aromatic  odour,  and  is  so  rich  in 
oil,  that  it  can  be  pressed  out  with  the  fingers.  Fluid  storax 
oil  can  be  obtained  by  distilling  the  balsam  with  water;  but, 
as  the  latter  contains  also  free  cinnamic  acid,  it  is  more  ad- 
vantageous to  add  an  alkali.  For  this  purpose  we  followed 
Simon  in  employing  carbonate  of  soda,  in  his  proportions  of 
14  lbs.  of  crystallized  soda  to  20  of  storax.  We  found  that 
the  half  was  quite  sufficient. 

The  distillation  was  conducted  in  a  copper  retort  with  a 
gentle  heat;  the  watery  vapour  loaded  with  oil  was  directed 
through  a  serpentine  tube.  In  this  way  a  milky-coloured 
water  distilled  over,  on  the  surface  of  which  the  oil  collected 
in  a  transparent,  slightly  yellow  layer.  We  have  submitted 
to  distillation  in  the  above  method  about  70  lbs.  of  storax. 
The  material  we  employed  was  not  all  received  at  the  same 
time,  and  gave  very  different  amounts  of  oil.  In  the  first  ope- 
ration we  obtained  12  oz.  of  styrole  out  of  41  lbs.  of  storax.  A 
later  preparation,  in  which  27  lbs.  of  the  balsam  were  em- 
ployed, gave  scarcely  more  than  3  oz.  This  difference  arises, 
as  Simon  has  already  remarked,  from  the  age  of  the  balsam, 
as  the  styrole  experiences  in  time  a  peculiar  change.  To  this 
point  we  shall  I'eturn  later. 

The  volatile  storax  oil,  as  it  is  obtained  by  distillation, 
contains  a  small  quantity  of  water,  from  which  it  can  be  easily 
freed  by  remaining  over  fused  chloride  of  calcium.  The  fluid 
deprived  in  this  way  of  water  can  be  regarded  as  pure  styrole, 
although  it  still  possesses  a  shade  of  yellow.  To  obtain  it 
quite  colourless,  it  must  again  be  submitted  to  distillation. 

H2 
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In  this  operation  a  peculiar  phaenomenon  is  observed,  which 
was  first  indicated  by  Simon.  When  styrole  is  heated 
in  a  tubulated  retort  in  which  a  thermometer  is  placed,  a 
quantity  of  vapour  is  evolved  at  100°  to  120°  C.  At  14-5|° 
the  fluid  begins  to  boil,  and  there  distils  over  a  clear,  oily  and 
beautifully  iridescent  fluid.  For  some  time  the  thermometer 
remains  stationary  at  the  above  temperature,  then  begins  sud- 
denly to  rise  so  fast,  that  it  must  quickly  be  removed  from 
the  retort.  The  portion  left  behind  has  now  completely 
changed  its  character  to  a  thick,  tenacious  substance,  througli 
which  the  bubbles  formed  at  the  bottom  of  the  vessel  force 
their  way  with  much  difficulty  to  the  surface.  From  this  pe- 
riod scarcely  any  more  oil  distils  over,  and,  on  allowing  the 
retort  to  cool,  its  contents  become  a  solid  transparent  glass. 
The  quantity  of  this  solid  residue  is  variable:  it  amounts 
sometimes  to  a  third  of  the  oil  employed.  We  shall  return 
to  this  point  afterwards.  The  product  of  the  distillation  is 
perfectly  pure  styrole. 

2.  Properties  of  Sit/role. — This  body  is  in  the  form  of  a 
colourless,  transparent  fluid,  of  a  burning  taste  and  peculiar 
aromatic  odour,  resembling  a  mixture  of  benzole  and  naphtha- 
line, which  adheres  tenaciously  to  linen.  At  a  temperature 
of  20°  C.  it  neither  solidifies  nor  loses  any  of  its  extreme  mo- 
bility. Exposed  however  to  a  mixture  of  solid  carbonic  acid 
and  aether,  it  solidifies  instantaneously  into  a  beautiful  white 
crystalline  mass.  It  is  in  the  highest  degree  volatile,  and  eva- 
porates at  all  temperatures ;  the  oily  spots  made  by  it  on  paper 
disappear  after  a  few  seconds.  The  boiling-point  lies,  as 
already  stated,  about  14'5f°  C.  This  same  temperature  was 
found  in  several  trials.  A  wick  dipped  in  styrole  burns  with 
a  brilliant,  smoky  flame.  Its  vapour  can  be  passed  without 
decomposition  through  a  red-hot  tube. 

Styrole  is  lighter  than  water:  its  specific  gravity  at  the  or- 
dinary temperature  of  summer  is  0'924'.  It  disperses  and  re- 
fracts the  rays  of  light  in  the  highest  degree.  Its  coefficient 
of  refraction  is  for  the  red  rays  1*532. 

It  mixes  in  all  proportions  with  a'ther  and  absolute  alco- 
hol. Spirit  of  wine  dissolves  less  accortling  to  the  propor- 
tion of  water  it  contains.  It  is  soluble  in  pyroxylic  spirit, 
acetone,  bisulpliurct  of  carbon,  fat  and  a'thercal  oils.  Water 
dissolves  only  a  small  proportion,  but  still  sufficient  to  give 
it  the  burning  taste  and  odour  of  the  oil.  The  amount  of 
water  which  can  become  mixed  with  the  oil  is  equally  snudl. 

Styrole  shows  no  reaction  on  vegetable  colours.  Like  the 
aothereai  oils,  it  dissolves  by  the  aid  of  heat  a  large  proportion 
of  sulphur,  which,  on  cooling,  is  deposited  in  the  form  of  large 
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prisms.  Phosphorus  is  likewise  soluble  in  hot  styrole,  from 
which  it  also  crystallizes.  Caoutchouc  swells  up  by  the  aid 
of  heat  in  this  substance ;  only  a  small  portion  however  is 
dissolved. 

3.  Composition  of  Styrole. — We  have  already  stated  that  on 
the  occasion  of  Simon's  investigation,  Marchand  analysed 
styrole.  From  his  experiment  it  appears  that  this  body  consists 
of  carbon  and  hydrogen,  in  the  proportion  of  two  of  the 
former  to  one  of  the  latter*.  We  have  also  analysed  styrole, 
and  our  results  confirm  those  of  Marchand. 

On  combustion  with  oxide  of  copper,  styrole  prepared  at 
two  different  periods  gave  the  following  numbers : — 

I.  Q'21'2,'2  grm.  of  styrole  gave  09168  grm.  of  carbonic  acid 
and  0*1935  grm.  of  water. 

II,  O-'tG^Ogrm.  of  styrole  gave  1*5745  grm.  of  carbonic 
acid  and  0*3290  grm.  of  water. 

Corresponding  in  the  100  parts  to — 

Carbon     .     .     .     91*86  92*54. 

Hydrogen     .     .       7*89  7*87 

Theory  requires — 

Mean  of  experiments. 
2  equivalents  Carbonf  =  150*0         92*30  92*20 

1  ...  Hydrogen  =    12*5  7*70  7-88 

162*5        100-00  100*08 

The  above  experiments  leave  no  doubt  as  to  the  relative 
amount  of  the  carbon  and  hydrogen,  but  give  no  idea  of  the 
absolute  number  of  equivalents  of  the  elements  in  the  equi- 
valent of  styrole ;  or,  in  other  words,  lead  to  no  conclusion  as 
to  the  formula  of  the  compound.  This  point  it  was  however 
very  desirable  to  ascertain,  as  we  already  possess  two  bodies, 
benzole  and  cinnamole,  which  have  the  same  composition  in 
the  hundred  parts. 

The  determination  of  a  chemical  formula  for  styrole  was 
attended  with  some  difficulty.  Like  benzole  and  cinnamole, 
this  body  formed  no  direct  compounds,  if  we  do  not  consider 
here  tlie  products  obtained  by  the  action  of  chlorine  and  bro- 
mine; in  the  case  of  the  former  substances,  however,  their 

*  The  volatile  oil  which  Bonastre  (Journ.  de  Pharm.,  vol.  xviii.  p.  344) 
obtained  from  the  Copal  balsam  is  certainly  a  totally  different  carbo-hy- 
drogen  from  styrole.     Henry  and  J.  Plisson  (same  Journal,  p.  451)  found 
it3  composition  to  be —         Carbon      =: 8925 
Hydrogen  =  10-46 
Oxygen     =  00-29 
100* 
This  oil  is  also  distin^fuished  from  styrole  by  becoming  solid  at  0°  C. 
t  Carbon  =  75.     Hydrogen  =  12'5. 
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formulaB  were  in  a  certain  measure  given  by  their  origin 
from  benzoic  and  cinnamic  acids,  and  could  be  controlled  by 
a  determination  of  the  specific  gravity  of  their  vapours.  The 
origin  of  styrole,  on  the  other  hand,  is  quite  obscure,  and  the 
determination  of  the  specific  gravity  of  its  vapour  was  no 
longer  to  be  thought  of  after  we  had  observed  the  peculiar 
metamorphosis  produced  by  the  action  of  heat. 

There  remained  therefore  no  other  way  to  arrive  at  a  pro- 
per formula  than  by  studying  the  products  of  its  decomposi- 
tion. As  we  had  already  some  information  from  Simon  on  this 
point,  it  appeared  desirable  to  follow  the  same  way.  In  the 
course  of  this  memoir  it  will  be  seen  that  we  were  led  to  adopt 
Cjg  Hg  as  the  formula  of  styrole. 

4.  Products  of'  the  Decomposition  of  Styrole.  Action  of  Nitric 
Acid. — In  its  physical  properties  styrole  is  closely  aUied  to  ben- 
zole and  to  benzoene  (toluine  of  Berzelius),  lately  discovered  by 
Deville*  as  a  product  of  the  dry  distillation  of  Tolu  balsam. 
The  interesting  results  obtained  by  Mitscherlich,  and  later  by 
Deville,  by  the  action  of  nitric  acid  on  the  above-named  bo- 
dies, and  particularly  the  remarkable  transformation  of  nitro- 
benzide  into  aniline,  observed  a  short  time  ago  by  Zininf,  in- 
dicated to  us  a  method  which  promised  to  lead  to  a  proper 
formula  of  styrole.  Were  a  compound  analogous  to  nitroben- 
zide  to  be  obtained,  or  a  base  to  be  formed  whose  atomic  weight 
could  be  easily  determined,  such  data  would  at  once  lead  to 
a  knowledge  of  the  proper  constitution  of  styrole. 

In  the  memoir  already  referred  to,  Simon  has  communi- 
cated some  experiments  on  the  action  of  nitric  acid  on  styrole. 
He  obtained  a  peculiar  neutral  body,  which  he  named  nitro- 
stijrole,  without  however  ascertaining  its  composition.  Along 
with  this  body  he  observed  the  formation  of  benzoic  ana 
hydrocyanic  acids. 

Nitrostyrole. 

The  preparation  of  this  substance  is  attended  with  difliculty. 
Notwithstanding  a  great  number  of  experiments,  we  have  not 
been  able  to  find  out  a  method  to  procure  at  will  a  consider- 
able quantity  of  this  body.  According  to  Simon,  storax  oil 
must  be  distilled  witl)  nitric  acid  (but  of  what  concentration  is 
not  htnted)  till  it  lias  become  brown,  and  is  completely  con- 
verted into  a  resinous  mass.  After  freeing  it  from  nitric  acid 
by  washing,  this  resin  is  to  be  distilled  with  water,  when  the 
nilrostyrole  volatilizes  with  the  watery  vapour. 

By  following  the  directions  given  by  Simon,  and  employing 

•  ^nn.  (If  ('h.  ct  dr  I'll,,  3r(l «cr.,  vol. iii.  p.  IT)! ;  and  /inn. dcr  Chan,  und 
Pharm.  vol.  xliv.  p.  304. 

t  Ann  dcr  Client,  und  I'ltarm.,  vol.  xliv.  p.  286. 
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in  the  distillation  ordinary  nitric  acid,  we  obtained  indeed  the 
peculiar  substance  named  by  him  nitrostyrole,  but  in  quantity 
bearing  no  proportion  to  the  amount  of  oil  employed.  The 
oil  is  very  slowly  attacked  by  common  nitric  acid.  On  heat- 
ing the  mixture  to  boiling  the  styrole  becomes  of  a  yellow 
colour,  but  at  the  same  time  a  large  quantity  of  undecomposed 
yellowish  oil  distils  over.  Only  after  being  five  or  six  times 
poured  back  into  the  retort  does  it  begin  to  change  its  cha- 
racter, by  becoming  heavier,  more  tenacious,  and  finally  sink- 
ing to  the  bottom  of  the  vessel.  At  this  period  the  oil-drops 
which  pass  over  with  the  water  smell  no  longer  of  styrole,  but 
possess  a  peculiar  sharp  odour  of  cinnamon,  and  violently 
attack  the  eyes.  If  the  styrole  has  become  quite  brown  and 
sunk  to  the  bottom,  it  solidifies  on  the  cooling  of  the  retort  into 
a  resinous  mass.  The  watery  fluid  above  the  resin,  on  the 
other  hand,  deposits  a  quantity  of  crystalline  plates.  On  re- 
moving the  crystals  from  the  retort,  washing  the  resin  with 
water  to  free  it  from  the  nitric  acid,  and  again  heating  to 
boiling  the  resin  with  water,  the  greater  portion  becomes 
dissolved,  and  there  distils  over  a  volatile  matter  possessing 
in  the  highest  defjree  the  odour  of  cinnamon.  After  a  short 
time  these  oil-drops  solidify  in  the  retort.  Oil  allowing  the 
retort  to  cool  when  no  more  of  this  substance  passes  over,  the 
whole  fluid  becomes  a  crystalline  mass.  By  long-continued 
distillation,  a  portion  of  this  ci'ystalline  matter,  which  is,  how- 
ever, much  less  volatile  than  the  nitrostyrolC)  also  passes  over 
into  the  receiver. 

As  already  stated,  the  quantity  of  the  volatile  oil  obtained 
was  exceedingly  small.  Only  after  repeated  operations,  and 
at  the  sacrifice  of  several  ounces  of  styrole,  was  a  quantity  pre- 
pared sufficient  for  analysis.  It  was  separated  by  filtration 
from  the  fluid  which  distilled  over  with  it,  and  after  washing 
with  water,  which  dissolves  but  a  small  proportion,  again  di- 
stilled with  the  vapour  of  water,  and  finally  dissolved  in  boil- 
ing alcohol.  On  cooling,  large  beautiful  prisms*  crystallized 
from  the  solution,  })osses9ing  the  characteristic  odour  of  cin- 
namon, and  a  sweet  but  highly  burning  taste. 

The  following  results  were  obtained  on  combustion  with 
oxide  of  copper,  after  the  substance  had  been  dried  over  sul- 
phuric acid  for  several  days  : — <■ 

I.  0-2662  grm.  of  the  crystals  gdve  0*6250  grm*  of  Carbonic 
acid  and  01 190  grm^  of  water. 

II.  0*1630  grm.  of  crystals  gave  0*3885  gfrn.  of  carbonic 
acid  and  0*0790  grm.  of  water. 

*  In  the  memoir  of  Simon  exact  measurements  of  these  crystals  are 
given  from  G.  Rose. 
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III.  0*2787  grm.  of  crystals  gave  0*1255  grm.  of  water. 

IV.  The  nitrogen  was  determined  by  the  method  of  Dumas, 
by  burning  the  substance  in  an  atmosphere  of  carbonic  acid. 
0*5088  grm.  of  crystals  gave  48*  cub.  cent,  of  moist  nitrogen 
at  19°  C.  and  327'"  barom. 

These  numbers  correspond  to — 

I.               11.               III.  IV. 

Carbon    .     .     64*04         64*50 
Hydrogen     .       4*96           5*38            5*00 
Nitrogen 10*30 

When  we  consider  that  the  method  of  Dumas  always  gives 
an  excess  of  nitrogen,  we  can  from  the  above  numbers  deduce 
the  following  formula,  Cm  H^  N  O4,  giving  per  cent., — 

Mean  of  experiments. 


6  equiv.  Carbon  .     . 

1200*00 

64*36 

64*27 

7     ...     Hydrogen  . 

87*50 

4*69 

5*11 

1     ...      Nitrogen     . 

177*04 

9*50 

10*30 

4     ...      Oxygen  .    . 

400*00 

21*45 

21-32 

1864*54  100*00  101*00 

According  to  this  formula,  which  will  be  further  confirmed 
by  the  analysis  of  the  bromine  and  chlorine  compounds,  the 
body  investigated  is  analogous  to  nitrobenzide,  which  it  re- 
sembles in  many  respects,  and  fully  deserves  the  name  of 
iiitrostyrole,  proposed  by  Simon. 

If  from  this  formula  we  deduce  the  composition  of  styrole, 
it  must  be  expressed  by  Cjg  Hg,  and  the  formation  of  nitro- 
styrole  is  shown  in  the  following  manner : — 

C,6  He  +  NO5,  HO  =  C,6  H7  NO^+  2HO. 

Styrole.  Nitrostyrole. 

As  to  the  properties  of  nitrostyrole,  we  have  but  little  to  add 
to  the  statements  of  Simon.  Tiiis  body  is  particularly  charac- 
terized by  its  odour,  which  slron<:r|y  iniiales  the  eyes  to  tears, 
and  by  the  manner  in  which  it  affects  the  skin,  long  contact 
with  which  produces  a  painful  burning,  and  finally  blisters. 

On  distilling  a  mixture  of  nitrostyrole  and  an  alcoholic  solu- 
tion of  potasii,  after  njost  of  the  spirits  have  passed  over,  there 
are  obtained  red  oil-drops,  which  are  not  nitrostyrole.  From 
want  of  materials  we  i)nve  not  invesiigaled  this  body:  it  is 
probably  a  compound  analogous  to  the  azobenzulc  of  Mit- 
Hcherlich.  An  exact  study  of  this  reaction  will  certainly  lead 
to  interesting  results,  but  tlicre  will  be  some  difliculty  in  ob- 
taining a  (juanlity  of  substance  necesMiry  for  uuch  a  purpose. 

VVc  further  endeavoured  to  transform  nitrostyrole  into  a 
bttiic  by  lliu  action  of  sulphurct  of  anunoniuni.     This  body 
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would  have  had  the  composition  Cjg  H9  N,  and  by  treatment 
with  oxidizing  means  would  probably  give  compounds  of  the 
indigo  series,  perhaps  isatine.  We  have  hitherto,  however, 
not  succeeded  in  preparing  it. 

We  have  already  stated,  that  by  the  treatment  of  styrole  with 
nitric  acid,  there  passes  over,  towards  the  end  of  the  distilla- 
tion, an  oil  which  possesses  in  the  highest  degree  the  odour  of 
nitrostyrole.  This  oil  is  nothing  but  a  solution  of  nitrostyrole 
in  several  other  fluid  bodies,  probably  undecomposed  styrole 
and  some  oil  of  bitter  almonds.  On  exposing  this  mixture  to 
a  very  low  temperature  (— 20°C.),  it  solidifies  nearly  com- 
pletely into  a  crystalline  mass,  which  can  be  separated  from 
the  adhering  fluid  oil  by  pressing  in  filtering  paper  :  it  is  pure 
nitrostyrole. 

Benzoic  Acid. 

The  crystals  which  separate  on  the  cooling  of  the  watery 
fluid  during  the  preparation  of  the  resin  for  the  formation  of 
nitrostyrole,  consist,  according  to  the  length  of  the  distillation 
or  the  concentration  of  the  nitric  acid  employed,  either  of 
benzoic  or  nitrobenzoic  acid.  In  general  we  obtained  a  mix- 
ture of  both. 

To  be  quite  certain  on  this  point,  we  treated,  in  the  re- 
peated distillations  which  we  undertook  for  the  preparation 
of  nitrostyrole,  storax  oil  sometimes  with  quite  dilute  nitric 
acid. 

By  continuing  the  distillation  for  a  considerable  time,  there 
passed  over  with  the  watery  vapour  a  substance  which  con- 
densed in  the  neck  of  the  retort  and  in  the  receiver  into  a  cry- 
stalline mass.  This  was  dissolved  in  weak  potash  ley  and 
boiled  till  all  odour  of  nitrostyrole  had  disappeared.  Acids 
produced  in  this  alkaline  solution  a  white  crystalline  precipi- 
tate, which  was  separated  by  filtration,  washed,  and  dissolved 
in  boiling  water.  From  this  solution  large  crystalline  plates 
separate,  which  are  identical  with  those  deposited  from  the 
liquid  above  the  resin  (in  the  preparation  of  nitrostyrole),  and 
which  in  every  respect  resembled  benzoic  acid.  To  remove 
every  doubt,  we  formed  benzole  from  it,  and  submitted  the 
acid  itself  to  analysis. 

The  following  results  were  obtained  by  combustion  with 
oxide  of  copper :  — 

0*3260  grm.  gave  0"8230  grm.  of  carbonic  acid  and  0*1545 
grm.  of  water. 

The  amount  per  cent,  calculated  from  these  numbers  cor- 
responds exactly  to  the  formula  C14  H^.  O4,  as  is  shown  by 
the  following  statement: — 
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14.  equlv.  Carbon    .     .     1050*00       68*85  68*85 

6     ...      Hydrogen     .  75-00         4*92  5*25 

4     ...      Oxygen   .  400*00       26*23  25*90 

1      ...      Benzoic  acid  =1525*00     100*00         100*00 

The  transformation  of  styrole  into  benzoic  acid  is  shown  by 
the  following  equation  : — 

C,6  Hg  +  lOO  =  C,4  He  O4  +  2CO2  +  2HO. 

Styrole.  Benzoic  acid. 

This  equation  merely  represents  the  ultimate  products  of 
decomposition.  It  is,  however,  probable  that  an  intermediate 
product  precedes  the  formation  of  the  benzoic  acid.  We  have 
already  mentioned  a  heavy  oily  liquid,  which  during  the 
action  of  nitric  acid  on  styrole  condenses  in  the  receiver.  It 
contains,  as  stated,  a  large  quantity  of  nitrostyrole ;  and  also 
another  fluid  body,  which  we  are  inclined  to  consider  as  oil 
of  bitter  almonds.  At  least,  at  certain  periods  of  distillation, 
the  products  acquired  the  strongest  odour  of  that  oil. 

As  the  small  quantity  of  the  mixture  we  possessed  excluded 
the  possibility  of  a  separation  by  distillation,  we  thought  it 
might  be  possible  to  prove  the  presence  of  oil  of  bitter  almonds 
by  the  formation  of  benzoine.  For  this  purpose  the  mixture 
was  treated,  according  to  Zinin's  method,  with  an  alcoholic 
solution  of  potash  and  some  cyanide  of  potassium*.  We  have, 
however,  not  been  able  to  observe  any  crystals  of  benzoine, 
consequently  the  settlement  of  this  point  must  be  reserved  for 
further  investigation.  The  formation  of  oil  of  bitter  almonds 
under  the  circumstances  already  mentioned  would  beside  not 
have  been  very  extraordinary.  The  investigations  of  Dumas 
and  Peligotf,  which  were  confirmed  by  PIantamour:{:  and 
Simon  ^,  have  shown  tliat  cinnamic  acid,  treated  by  oxidizing 
means,  produces  hydruret  of  benzoyle  before  passing  into  ben- 
zoic acid.  According  to  very  recent  observations  of  Ca- 
hoursjl,  oil  of  anise,  before  being  finally  changed  into  anisinic 
acid,  is  first  converted  into  hydruret  of  anisyle,  which  stands 
in  the  same  relation  to  the  last  acid  as  hydruret  of  benzoyle  to 
benzoic  acid. 

Nitrobenzoic  Acid. 

If  Ntrong  nitric  acid,  such  uh  the  conimcrciai,  has  been  em- 
ployed in  distillation  with  styrole,  there  are  obtained,  by  the 

•  Ann.  dcr  Chnn.  und  Pharm,  vol.  xjcxiv.  p.  J8G. 

t  Ibid.  vol.  xiv.  p,  AO.  J  Ibid.  vol.  xxx.  p,  349. 

§  Ibid.  vol.  XXXI.  [).  271.  II  Compt.  Itend.  p.  xix.  Idh. 
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solution  of  the  residue,  crystals  which  possess  all  the  proper- 
ties of  nitrobenzoic  acid  discovered  by  Mulder*.  We  have 
made  several  analyses  of  this  acid  and  its  silver  salt,  which, 
however,  we  consider  we  may  pass  over,  as,  after  proving  the 
formation  of  benzoic  acid,  the  appearance  of  nitrobenzoic  acid 
was  easily  explained. 

Simon  states  that  hydrocyanic  acid  is  one  of  the  products 
of  the  action  of  nitric  acid  on  styrole :  we  have  not  observed 
the  formation  of  this  acid. 

It  has  been  already  stated  that  the  amount  of  nitrostyrole 
obtained  was  exceedingly  small.  We  have  modified  the  pro- 
cess for  forming  it  in  several  ways,  in  order  to  obtain,  if  pos- 
sible, this  interesting  body  in  larger  quantities. 

The  analogy  which  exists  between  nitrostyrole  and  nitro- 
benzide,  both  in  their  mode  of  formation  and  properties,  ap- 
peared to  indicate  the  way  to  a  more  advantageous  method  of 
preparation.  For  this  purpose  we  dropped  styrole  into  fuming 
nitric  acid,  which  formed  with  it  a  deep  red  solution,  with 
great  evolution  of  heat.  Here  also,  even  by  the  employment 
of  artificial  cold,  the  formation  of  red  vapours  could  not  be 
avoided.  From  the  nitric  acid  solution  water  precipitated  a 
yellow  resinous  substance  of  soft  consistency,  which  possessed 
in  the  highest  degree  the  characteristic  smell  of  nitrostyrole. 
After  washing  with  water  till  the  greater  part  of  the  nitric 
acid  was  removed,  the  yellow  mass  was  submitted  to  distilla- 
tion with  water.  A  quantity  of  nitrostyrole  volatilized  with 
the  watery  vapour,  greater  than  was  obtained  in  the  former 
method,  but  still  out  of  all  proportion  to  the  amount  of  oil 
employed.  We  were  equally  unfortunate  in  the  treatment 
with  fuming  nitric  acid,  which  had  been  previously  saturated 
with  deutoxide  of  nitrogen. 

If  a  current  of  nitrous  acid  (NOg)  be  passed  through  styrole 
when  warm,  a  violent  reaction  takes  place  with  the  evolution 
of  vapours,  which  possess  the  irritating  odour  of  nitrostvrole; 
at  the  same  time  there  is  formed  a  peculiar  odourless  crystal- 
line substance,  insoluble  in  water,  alcohol  and  aether.  This 
compound  we  have  not  studied. 

In  this  reaction,  which  is  certainly  very  complicated,  nitro- 
styrole is  likewise  formed  in  only  very  small  quantities. 

Action  of  Chromic  Acid  on  Styrole. 

On  submitting  to  distillation  a  mixture  of  styrole,  bichromate 

of  potash,  sulphuric  acid  and  water,  the  greater  portion  of  the 

styrole  passes  with  the  watery  vapour  undecomposed  into  the 

receiver.     A  reaction  takes  place  only  after  the  contents  of 

•  Ann.  der  Chem.  und  Phami.  Tol.  xxxiv.  p.  297. 
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the  retort  have  commenced  to  become  solid ;  by  continuing 
the  distillation  large  crystals  of  benzoic  acid  collect  in  the 
receiver. 

Action  of  fuming  Sidphuric  Acid  on  Styrole. 

On  mixing  fuming  Nordhausen  sulphuric  acid  with  styrole, 
a  violent  reaction  takes  place  with  the  evolution  of  heat;  the 
oil  becomes  tenacious,  and  assumes  a  dark  colour.  The  ad- 
dition of  water  produces  the  separation  of  a  brown  resinous 
mass.  The  fluid  filtered  from  this  substance  gave,  when 
treated  with  an  excess  of  carbonate  of  baryta,  a  soluble  baryta 
salt,  which,  however,  could  not  be  obtained  in  a  crystalline 
form.  The  physical  properties  of  these  products,  probably 
analogous  to  Miischerlich's  sulphobenzide  and  hyposulpho- 
benzidic  acid,  are  far  from  inviting  to  a  nearer  investigation. 

Action  of  Bromine  on  Styrole. 

Bromostyr'ole. — By  the  addition  of  bromine  to  the  volatile 
oil  of  storax  it  becomes  heated  to  boiling,  and  the  evolution 
of  hydrobromic  acid  always  takes  place.  The  oil  is  by  this 
reaction  completely  transformed  into  a  crystalline  mass  of  a 
peculiar  odour. 

The  formation  of  hydrobromic  acid  can  be  completely 
avoided  by  placing  the  flask  in  water  and  adding  the  bromine 
by  drops.  By  waiting  each  time  till  the  heat  evolved  has 
been  removed,  the  product  obtained  is  uniform. 

The  crystalline  mass  is  insoluble  in  water,  but  communi- 
cates to  it  a  highly  peculiar  penetrating  odour  and  taste, 
which  resemble  a  mixture  of  oil  of  citron  and  juniper.  It  is, 
on  the  other  hand,  very  soluble  in  alcohol  and  aether.  We 
have  in  vain  endeavoured,  by  gentle  evaporation  of  the  a3the- 
real  solution,  to  obtain  well-formed  crystals.  The  boiling 
saturated  alcoholic  solution  on  cooling  deposits  the  compound 
in  the  form  of  an  oil,  which  covers  the  bottom  of  the  vessel, 
and  not  unfrequently  remains  long  fluid  under  the  tempera- 
ture at  which  it  solidifies,  until  shaken,  when  it  becomes  solid. 
It  fuses  under  boiling  water.  It  is  decomposed  by  an  alco- 
holic solution  ot  potash,  bromide  of  potassium,  and  another 
compound  containing  bromine  being  formed. 

Tl)e  |)roducts  submitted  to  analysis  were  of  different  pre- 
parations. Nos.  I.  and  II.  were  formed  directly  by  the  treat- 
ment of  styrole  with  an  excess  of  bromine.  The  somewhat 
yellow  substance  was  washed  with  spirits  of  wine  till  it  ap- 
peared white,  and  after  soUition  in  the  same  menstruum  was 
again  precipitated  by  the  addition  of  water,  and  washed  with 
the  same  fluid  till  nil  trace  of  hydrobromic  acid,  which  forms 
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in  considerable  quantity  during  the  preparation,  was  removed. 
The  substances  employed  in  Nos.  III.  and  IV.  were  made 
with  great  care;  merely  traces  of  hydrobromic  acid  were 
formed,  which  were  also  removed  in  the  same  manner. 

The  combustions,  which  were  all  made  with  chromate  of 
lead,  gave  the  following  results  :  — 

I.  0'3950  grm.  of  substance  gave  0*5150  grm.  of  carbonic 
acid  and  0*1 155  of  water. 

II.  0*3095  grm.  of  substance  gave  0'4'085  grm.  of  carbonic 
acid  and  0*0920  grm.  of  water. 

III.  0*3650  grm.  of  substance  gave  0*4085  grm.  of  carbonic 
acid  and  O'lO*?  grm.  of  water. 

IV.  To  determine  the  bromine,  the  substance  was  carefully 
mixed  with  caustic  lime  and  heated  to  redness  in  a  combus- 
tion-tube. The  heated  mass  was  then  dissolved  in  nitric 
acid,  filtered,  and  precipitated  by  nitrate  of  silver.  Treated 
in  this  way  there  was  obtained  from  0*2668  grm.  of  substance 
0*3805  grm.  of  bromide  of  silver. 

These  numbers  correspond  per  cent,  to — 

I.  II.  in.  IV. 

Carbon     .     35*85         35*99         36*23 
Hydrogen        3*23  3*27  3*18 

Bromine  .         ...  ...  ...  59*83 

From  which  the  following  formula  is  deduced, 
Cjg  Hg  DYc^', 
giving  per  cent,  the  following  numbers : — 

1 6  equivts.  Carbon     =  1 200*00  36*85 

8     ...       Hydrogen=    100*00  3*07 

2     ...      Bromine    =1956-61  60*06 

3256*61         100*00* 

Action  of  Chlorine  on  Styrole. 

Chlorostyrole. — By  the  treatment  with  chlorine  there  is  form- 
ed a  compound  analogous  to  the  bromostyrole.  The  chlorine 
compound  is  fluid.  It  is  extremely  difficult  to  prepare  the 
chlorine  compound  pure.  A  stream  of  the  gas  passed  through 
styrole  is  rapidly  absorbed,  without  any  evolution  of  hydro- 
chloric acid,  if  the  current  be  not  too  rapid,  and  the  tempe- 
rature kept  low,  at  the  same  time  that  the  influence  of  the 
direct  rays  of  the  sun  be  avoided.  By  long  treatment  the  oil 
changes  into  a  thick  fluid,  which  is  chlorostyrole.  As  soon  as 
the  evolution  of  hydrochloric  acid  indicates  that  no  more  sty- 
role  exists  free,  the  action  must  be  interrupted.  The  evolution 

*  The  loss  of  carbon  in  Nos.  I.  and  II.  arose  evidently  from  a  mixture  of 
another  product  richer  in  bromine.  The  evolution  of  hydrobromic  acid  in 
the  preparation  can  only  take  place  from  such  a  cause. 
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of  hydrochloric  acid  indicates  that  the  decomposition  is  pro- 
ceeding further,  by  the  formation  of  products  of  substitution 
which  contain  fewer  hydrogen  equivalents  than  exist  in  sty- 
role  ;  whereas  chlorostyrole  is  a  simple  compound  of  chlorine 
and  styrole,  or  at  least  may  be  considei-ed  as  such. 

We  have  frequently  prepared  and  analysed  the  first  pro- 
duct of  the  action  of  chlorine  on  styrole.  The  analyses 
proved  however  to  us  that  only  on  one  occasion  were  we  for- 
tunate enough  to  have  hit  the  proper  moment  when  the  action 
of  chlorine  must  be  interrupted.  All  the  other  combustions, 
which  we  pass  over,  gave  a  constantly  varying,  but  always  too 
small  a  proportion  of  carbon. 

Burned  with  chromate  of  lead  the  following  results  were 
obtained  : — 

0"3553  grm.  of  chlorostyrole  gave  0*7200  grm.  of  carbonic 
acid  and  0*1505  of  water. 

From  which  the  following  formula  and  theoretical  numbers 
are  deduced,  Cjg  Hg  Clg. 

Theory.  Experiment. 

1 6  equivts.  Carbon 

8       ...     Hydrogen 

2      ...     Chlorine  . 

1       ...     Chlorostyrole  2T85^3    100-" 

By  heating  chlorostyrole  it  is  decomposed  into  a  new  oily 

product  with  evolution  of  hydrochloric  acid.     This  product, 

which  is  probably  Cjg  <  ^J  >,  is  obtained  in  more  consider- 
able quantities  when  chlorostyrole  is  distilled  with  caustic  lime. 
We  have  not  examined  it  more  closely.  The  formula  of 
styrole  derived  from  nitrostyrole  is  thus  completely  supported 
by  the  analysis  of  the  bromine  and  chlorine  com})ouncls. 

By  the  continued  action  of  chlorine  for  several  days  on  sty- 
role in  direct  sunlight,  that  oil  is  changed  into  a  thick  viscid 
fluid,  with  the  evolution  of  a  very  large  quantity  of  hydro- 
chloric acid.  This  substance  is  not  even  the  last  product  of 
the  action,  as  by  further  continuance  hydrochloric  acid  is 
still  given  off. 

The  same  fact  is  observed  on  submitting  styrole  to  the  ac- 
tion of  chlorate  of  potash  and  hydrochloric  acid. 

Action  of  Heat  on  Styrole. 

Metastt/role.—  The  remarkable  change  experienced  by  sty- 
role under  the  influence  of  heat  has  been  already  mentioned 
in  the  preceding  pages.  We  slated  that  in  rcctilying  the  oil 
a  considerable  portion  of  pure  unciianged  styrole  ))ussed  over 
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at  first,  but  at  a  certain  point  the  contents  of  the  retort  be- 
came thick,  and  on  cooling  solidified  into  a  firm  transparent 
vitreous  mass. 

On  first  observing  this  phronomenon  we  thought  it  arose 
from  the  conversion  into  resin  by  the  action  of  the  air  of  a 
portion  of  the  raw  oil  which  had  been  standing  in  a  bottle 
only  half-filled,  and  that  this  substance  being  held  in  solution 
by  the  remaining  fluid  oil,  was  separated  on  distilling  the  latter 
from  it.  A  similar  idea  seems  also  to  have  occurred  to  Simon, 
from  his  bestowing  the  name  of  oxide  of  styrole  on  the  residue 
found  in, the  retort  on  submitting  styrole  to  distillation. 

We  soon  convinced  ourselves  that  this  idea  was  erroneous 
by  distilling  a  second  time  a  portion  of  newly-rectified  oil. 
A  very  considerable  residue  of  solid  matter,  though  not 
quite  so  great  as  in  the  first  distillation,  was  observed  to  re- 
main in  the  retort.  The  same  amount  was  further  found  in 
a  third,  fourth  and  every  succeeding  distillation.  The  ra- 
pidity with  which  styrole  changes  into  the  solid  substance,  in- 
dicated sufficiently  that  it  could  not  be  from  combination  with 
oxygen.  This  fact  was  besides  established  by  direct  experi- 
ment. Indeed  so  little  attraction  has  styrole  for  oxygen,  that 
it  can  be  left  exposed  to  air  for  weeks  together  without  any 
change  in  its  colour.  A  portion  of  oil  was  confined  for 
several  months  over  mercury  in  a  tube  filled  with  oxygen  gas 
without  the  least  diminution  in  the  volume  of  the  latter.  We 
soon  recognised  that  this  metamorphosis  of  styrole  takes  place 
without  loss  of  or  addition  to  any  one  of  its  elements,  and 
solely  through  a  change  in  the  molecular  structure  of  this 
body  produced  by  tlie  action  of  heat.  Analysis  as  well  as  syn- 
thesis has  equally  proved  that  styrole  and  the  vitreous  mass 
(for  which  we  propose  the  name  of  metastyrole)  possess  the 
same  constitution  per  cent. 

Metastyrole,  when  prepared  from  colourless  oil,  is  equally 
transparent,  and  possesses  the  same  povvers  of  refraction  as 
the  latter  body  *.  On  the  other  hand,  it  completely  loses  the 
characteristic  odour  and  taste  which  distinguish  styrole.  Me- 
tastyrole is  totally  inodorous  and  tasteless.  At  the  ordinary 
temperature  this  body  is  hard  and  can  be  cut  with  a  knife. 
By  heat  it  becomes  soft,  and  can  be  drawn  out  into  threads, 
which  strikingly  resemble  spun  glass.  It  is  insoluble  in  water 
and  alcohol,  as  well  in  the  cold  as  when  heated.  In  boiling 
ffither  a  small  portion  is  dissolved,  which,  on  leaving  the  solu- 
tion to  spontaneous  evaporation,  becomes  attachetl  to  the  sides 

*  There  is  scarcely  an  organic  body  which  refracts  tlie  rays  of  light  so 
strongly  as  metastyrole.  It  is  not  improbable  that  it  might  be  applied  to 
several  optical  purposes. 
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of  the  vessel  in  a  thin  almost  transparent  layer,  that  can  be 
separated  from  the  glass,  and  presents  a  most  deceptive  like- 
ness to  the  thin  membrane  lining  the  shell  of  an  egg.  The 
portion  which  has  not  been  dissolved  in  the  aether  swells  to 
six  or  seven  times  its  original  volume.  This  mass  contains, 
when  dried  at  the  ordinary  tempei'ature,  a  large  quantity  of 
aether,  which  is  driven  off  only  by  heat.  Turpentine  oil  also 
dissolves  traces  of  metastyrole  ;  sulphuric  acid  is  in  the  cold 
without  action,  but  on  the  application  of  heat  carbonizes  the 
metastyrole,  with  evolution  of  sulphurous  acid.  The  action  of 
nitric  acid  will  be  presently  mentioned. 

To  obtain  metastyrole  completely  pure,  and  in  a  condition 
fit  for  analysis,  advantage  was  taken  of  its  relations  to  aether. 
The  vitreous  mass  was  boiled  in  aether  till  it  was  completely 
converted  into  the  swollen  gelatinous  matter  from  which  the 
excess  of  aether  was  decanted ;  this  contains  the  unchanged 
styrole  that  had  remained  in  the  resinous  mass ;  and  after 
heating  the  residue  in  a  water-bath,  to  expel  the  aether,  a 
completely  inodorous  and  tasteless  white  spongy  mass  was 
left  behind,  which  could  be  easily  reduced  to  powder.  This 
powder  was  again  boiled  in  alcohol,  dried,  and  burned  with 
chromate  of  lead. 

0*2955  grm.  gave  0'9970  grm.  of  carbonic  acid  and  0"2130 
grm.  of  water.     Corresponding  in  100  parts  to — 

Carbon 92-05 

Hydrogen 8 '00 

Styrole  contains — 

Carbon 92-30 

Hydrogen 7*70 

This  combustion  is  sufficiently  decisive,  but  to  remove  all 
doubt  the  following  experiment  was  made. 

A  portion  of  styrole  was  confined  in  a  strong  glass  tube,  her- 
metically sealed  by  the  blowpipe  lamp,  and  placed  in  an  oil- 
bath,  whose  temperature  was  not  allowed  to  rise  above  200°  C. 
At  the  end  of  half  an  hour  Me  styrole  had  completelij  changed 
into  metastyrole.  The  same  result  was  obtained  by  sealing  a 
portion  of  it  in  small  glass  bulbs,  in  which  scarcely  a  trace  of 
nir  was  left,  and  submitting  them  to  the  temperature  of  boil- 
ing water.  On  the  second  day  the  styrole  had  become  thick, 
and  on  the  third  solid. 

A  bulb  of  the  same  size  was  exposed  to  the  heat  of  the  sun 
in  the  hot  summer  n)onths.  The  same  transformation  like- 
wise took  place;  but  at  this  temperature  it  rc(iuired  throe 
weeks  to  produce  the  sumo  dfect  us  takes  place  almost  inune- 
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diately  at  that  of  200°  C.     Intensity  and  duration  *  of  action 
are  seen  here,  as  everywhere  else  in  nature,  to  be  equivalent. 

Light  appears,  however,  to  play  a  part  in  the  transforma- 
tion of  styrole;  at  least  a  small  portion  sent  to  Professor  Lie- 
big  five  years  ago  by  E.  Simon,  and  which  had  been  kept  in  a 
dark  press,  is  still  as  fluid  as  if  newly  distilled. 

This  metamorphosis  of  styrole  by  heat  is  so  much  the 
more  extraordinary,  as  this  agent  generally  acts  in  a  contrary 
direction,  either  to  liquify  or  volatilize.  The  white  of  eg!^g 
alone,  in  certain  points,  offers  some  analogy  ;  and  these  two 
bodies,  at  a  higher  temperature,  exhibit  likewise,  though  in  a 
distant  degree,  the  same  behaviour. 

L.  Gmelin  f  has  shown  that  the  coagulated  white  of  eg^, 
heated  in  a  Papin's  digester  with  water  to  200°  C,  becomes 
again  fluid,  and  forms  with  the  water  a  yellow  liquid.  This 
observation  has  been  lately  confirmed  by  Wohler  and 
Vbgel  X. 

If  metastyrole  is  heated  in  a  small  retort  over  a  spirit- 
lamp,  it  becomes  again  fluid,  and  a  colourless  oil  distils  over, 
which  is  pure  styrole.  By  a  carefully  conducted  distillation 
there  remains  scarcely  any  residue  in  the  retort. 

It  was  possible  that  the  oil  obtained  by  distilling  meta- 
styrole might  be  another  body  of  the  same  composition  as 
styrole  and  metastyrole,  but  possessing  different  properties. 
The  regenerated  oil  forms  instantaneously  with  bromine  the 
characteristic  smelling  bromine  compound.  Besides  this  re- 
action, which,  as  will  be  seen  immediately,  is  not  decisive,  the 
action  of  heat  on  the  regenerated  oil  is  quite  conclusive. 
Heated  to  200°  C,  in  a  tube  hermetically  sealed,  it  is  con- 
verted into  metastyrole,  which  by  a  higher  temperature  is 
again  in  its  turn  reconverted  into  styrole. 

After  having  ascertained  that  styrole  and  metastyrole  had 
the  same  composition  percent.,  and  that  the  difference  in  their 
physical  properties  could  only  arise  from  a  dissimilar  arrange- 
ment of  their  molecules,  it  was  of  some  interest  to  obtain  an 
explanation  of  this  arrangement.  As  the  specific  weight  of 
the  vapours  of  both  bodies  could  not  be  compared  with  each 
other,  there  remained  no  other  resource  but  to  study  more 
closely  the  products  of  decomposition  of  metastyrole.  As 
bromine  and  chlorine  act  only  very  slowly  on  metastyrole, 
sulphuric  acid  carbonizes  it,  and  by  fusing  with  potash  a  sim- 

*  The  varying  amount  of  styrole  obtained  from  the  different  sorts  of 
storax  is  probably  owing  to  the  same  metamorphosis  producod  in  the 
course  of  time. 

t  Ilandbuch,  3rd  edition,  vol.  ii.  p.  1053, 

X  Ann.  dcr  Chem.  unci  Pharm.,  vol.  xli.  p.  238. 

Phil.  Mag.  S.  3.  Vol.  27.  No.  1 78.  August  1845.  I 
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pie  conversion  into  styroie  follows ;  nitric  acid  was  selected 
as  the  decomposing  agent. 

Action  of  Nitric  Acid  on  Metastyrole. 

Nitrometastj/role. — Common  nitric  acid,  either  warm  or  cold, 
attacks  metastyrole  but  little.  Even  strong  fuming  nitric  acid 
acts  but  feebly  in  the  cold,  but  on  the  application  of  heat  dis- 
solves it  quickly  with  the  evolution  of  red  fumes.  If  a  suffi- 
cient quantity  of  nitric  acid  has  not  been  employed,  the  new 
product  is  precipitated  on  cooling  in  the  form  of  a  slimy  sub- 
stance. On  the  other  hand,  if  the  acid  has  been  in  excess, 
the  fluid  remains  quite  clear,  from  which,  on  the  addition  of 
water,  a  white  curdy  mass,  which  sometimes  has  a  shade  of 
yellow,  is  precipitated.  This  is  washed  with  water  to  remove 
all  trace  of  nitric  acid,  and  afterwards  boiled  in  alcohol  to  get 
rid  of  any  trace  of  benzoic  acid  which  may  have  been  formed 
from  styroie  still  remaining  in  tlie  pores  of  the  metastyrole. 

The  body  thus  obtained,  and  for  which  we  propose  the 
name  of  nitrometastyrole,  is  when  dry  in  the  form  of  a  white 
or  yellowish,  completely  amorphous  powder,  insoluble  in 
asther,  alcohol  and  water,  but  soluble  in  fuming  nitric  and  in 
sulphuric  acid.  By  the  application  of  a  gentle  heat  it  burns 
witjj  a  slight  deflagration,  like  many  bodies  which  possess  the 
elements  of  hyponitric  acid,  and  with  a  strong  odour  of  oil  of 
bitter  almonds.  As  the  physical  properties  of  this  body  do 
not  indicate  any  certainty  of  its  purity,  it  was  burnt  to  ascer- 
tain this  point  as  nearly  as  possible.  After  some  analyses 
it  was  recognised  that  the  new  product  of  decomposition  re- 
tained traces  of  undecomposed  metastyrole,  from  the  nitric 
acid  solution  becoming  very  turbid  on  cooling.  This  fact  was 
proved  by  dissolving  the  substance  in  concentrated  sulphuric 
acid,  when  the  undecomposed  metastyrole  remains  undis- 
solved. On  the  other  hand,  by  boiling  the  solution  of  meta- 
styrole too  long  in  the  nitric  acid,  a  mixture  was  obtained, 
on  precipitating  with  water,  consisting  for  the  most  part  of 
nitrometastyrole,  and  of  a  second  product  containing  less 
carbon  and  more  nitrogen. 

Nitrometastyrole  is  obtained  pure  by  dissolving  metastyrole 
in  a  quantity  of  acid  sufficient  to  hold  it  in  solution  on  cool- 
ing. Nitric  acid  must  be  added  to  the  hot  solution  as  long 
as  it  is  observed  to  become  turbid  on  pouring  a  few  dro))s  out 
into  a  watch-glass. 

The  analysis  of  the  substance  prepared  in  this  way  gave 
the  following  results:  — 

I.  0*3235  grin,  of  nitrometastyrole  gave  0*7230  grm.  of  car- 
bonic acid  and  0*1325  grm.  of  water. 
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II.  0*2830  grni.  of  substance  gave  06535  grm.  of  carbonic 
acid  and  0*1330  grm.  of  water. 

III.  0*2865  grm.  of  substance  gave  0*1170  grni.  of  water. 
IV^  0*3  142  grm.  of  substance  gave  0*1278  grm.  of  water. 
V.  The  nitrogen  was  determined  by  the  method  of  Dumas, 

by  burning  the  substance  in  an  atmosphere  of  carbonic  acid, 
and  calculated  from  its  volume. 

0*6125  grm.  of  nitromelastyrole  gave  53  cubic  centimetres 
of  nitrogen  at  329"  barometer  and  9  C.  thermometer.  In  per 
cent. 

I.  II.  III.  IV.  V. 

Carbon       .     .     60*95         61*69 
Hydrogen.     .       4*55  5*26         4*53         4-51 

Nftrogen    .     .  10*06 

These  numbers  correspond  to  the  formula  0,4  Hg  NO4,  as 
is  shown  by  the  comparison  of  the  numbers  found  and  calcu- 
lated. 

Theory.       Mean  of  experiments. 


14  equiv 

Carbon      .     .      =1050*00 

61*69 

61-32 

6     ... 

Hydrogen      .     =     75*00 

4*40 

4*71 

1      ... 

Nitrogen    .     .     =    177*04 

10*40 

10*06 

4     ... 

Oxygen      .     .      =   400*00 

23*51 

1      ... 

Nitrometastyrole=  1 702*04 

10000 

Taking  the  most  probable  supposition,  that  nitrometastyrole 
stands  in  the  same  relation  to  metastyrole  as  nitrostyrole  to 
styrole,  or  nitrobenzide  to  benzole,  that  is,  that  one  equivalent 
of  hydrogen  in  the  carbo-hydrogen  is  replaced  by  one  equiva- 
lent of  hyponitric  acid,  the  formula  for  metastyrole  will  then 
be  Cj4  Hy,  from  which  it  is  seen,  that  by  the  metamorphosis 
of  the  body,  Cjg  Hg,  the  number  of  equivalents  of  carbon  and 
hydrogen  in  the  new  compound  has  diminished  by  one-eighth. 

The  formula  of  nitrometastyrole  differs  from  that  of  an- 
thranilic  acid  and  protonitrobenzoene  by  containing  one  equi- 
valent less  of  hydrogen.  The  formula  of  the  two  latter  bodies 
is  C24  H7  NO4.  Late  investigations*  have  shown  that  proto- 
nitrobenzoene, as  well  as  anthranilic  acid,  when  distilled  with 
lime,  is  decomposed  into  carbonic  acid  and  aniline.  As  nitro- 
metastyrole is  a  body  completely  analogous  to  nitrobenzoene, 
we  expected  to  form  under  similar  circumstances  a  base  with 
the  formula  C12  Hg  N.  The  experiment  did  not  however  turn 
out  to  our  expectation.  On  distilling  a  mixture  of  lime  and 
nitrometastyrole,  a  very  complicated  reaction  follows,  a  large 
quantity  of  carbon  is  deposited,  ammonia  is  evolved,  and  at 

•  New  Modes  of  Formation  of  Aniline,  by  Dr.  J.  S.  Muspratt  and  Dr. 
A.  W.  Hofmann. — Philosophical  Magazine,  vol.  xxvi.  p.  581. 

I  2 
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the  same  time  a  proportionately  small  quantity  of  a  brown 
coloured  oil  passes  over.  Hydrochloric  acid  dissolves  a  large 
portion  of  this  oil,  from  which  it  is  again  separated  by  the  ad- 
dition of  alkalies.  This  oil  is  nothing  but  aniline^  which  is  at 
once  recognised  by  the  dark  violet  colour  it  gives  with  a  so- 
lution of  chloride  of  lime,  and  the  yellow  colour  its  solution 
in  acids  communicates  to  pine-wood.  The  formation  from 
nitrometastyrole  of  this  base,  which  contains  more  hydrogen 
than  the  original  substance,  is  certainly  the  result  of  a  very 
complicated  reaction,  which  cannot  be  exhibited  in  any  equa- 
tion. 

The  following  is  the  series  of  bodies  investigated  in  this 
memoir : — 

Styrole Cjg  Hg 

Bromostyrole      .     .     .  Cjg  Hg  Br^ 
Chlorostyrole      .     .     .  Cjg  Hg  CIg 

Nitroslyrole  .     .     .     •  Cje  <!  j^t^   J^ 

HydruretofbenzoyIe(?)  C14  H5  Og,  H 
Benzoic  acid  ....  C14  H5  O3,  HO 

Nitrobenzoic  acid     .     .  C,^  -^  ^^^   V^s*  -HO 

Melastyrole   ....  Cj4  H7 

Nitrometastyrole      .     .  €,4  <  ^^   >. 

The  experiments  detailed  in  the  preceding  pages  have 
proved  that  the  formula  of  the  carbo-hydrogen  derived  from 
the  storax  must  be  expressed  by  C,^  Hg.  This  is,  however, 
likewise  the  formula  of  the  carbo-hydrogen  analogous  to  ben- 
zole, and  which  is  derived  from  hydrated  cinnamic  acid  by 
the  separation  of  two  equivalents  of  carbonic  acid. 

Are  Styrole  and  Cinnamole  identical? 

This  (juestion  must  necessarily  present  itself  when  we  con- 
sider that  storax  contains  large  quantities  of  cinnamic  acid, 
and  that  tliis  balsam,  according  to  the  views  of  later  celebrated 
pharmacologists  ^as  Th,  W.  Martius*),  is  obtained  not  by 
incision  but  by  a  kind  of  distillation. 

How  easily  in  tiiis  operation  a  ))ortion  of  the  cinnamic  acid 
might  be  converted  into  cinnamole  and  carbonic  acid,  we  know 
from  tlie  fact  of  benzoic  acid,  when  passed  in  vapour  through 
a  red-hot  tube,  being  decon)posed  witli  ease  into  carbonic  acid 
and  benzoic. 

The  details  given  us  by  (liifercnt  chemists  on  cinnamole 

•   (Jrundritt  dcr  Phnrmakognotit  de^  PflanMnraicht,  p.  340. 
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differ  exceedingly  from  each  other.  Simon  and  Marchand 
prepared  this  substance  by  distilling  cinnamic  acid  and  cau- 
stic lime.  Herzog*  followed  the  same  course  ;  he  obtained  a 
yellowish  fluid,  which  on  rectifying  gave  a  light  colourless 
oil,  whilst  a  yellowish-brown,  heavy  liquid  remained  in  the 
retort.  Cinnamole  (named  by  Marchand  and  Simon  cinna- 
momine)  which  has  been  prepared  in  this  way  boils  at  89°  C. 
and  has  a  specific  gravity  of  0'88. 

According  to  Mitscherlichf  no  product  can  be  obtained  in 
this  way  possessing  a  constant  boiling-point.  He  considers 
the  liquid  which  distils  over  on  rectification  as  a  mixture  of 
different  carbo-hydrogens  of  similar  composition,  and  sus- 
pects that  it  contains  benzole. 

Finally,  Gerhardt  and  Cahours  J  have  stated  that  a  mixture 
of  1  part  cinnamic  acid  and  4  parts  baryta,  when  distilled, 
gave  a  product  having  a  constant  boiling-point. 

The  formula  Cjg  Hg  was  controlled  by  a  determination  of 
the  specific  gravity  of  the  vapour,  and  by  the  analysis  of  a 
bromine  compound. 

The  properties  described  by  the  last  two  chemists  as  be- 
longing to  cinnamole  (cinnamene),  correspond  completely 
with  those  of  styrole.  Cinnamole  boils,  according  to  Gerhardt 
and  Cahours,  at  140°  C.  It  forms  with  chlorine  a  fluid,  and 
with  bromine  a  crystalline  compound,  the  latter  having  the 
formula  Cjg  Hg  Br,^.  With  nitric  acid  it  gives  rise  to  a  pro- 
duct which  appears  to  be  benzoic  acid.  In  one  point,  how- 
ever, they  differ.  Cinnamole  does  not  possess  the  property 
of  forming  by  heat  an  isomeric  solid  compound.  Gerhardt 
and  Cahours  do  not  mention  in  their  memoir  anything  of  this 
pheenomenon,  which,  if  it  existed,  could  not  have  escaped  their 
observation  in  the  determination  of  the  specific  gravity  of  the 
vapour.  This  determination  could  not  in  reality  have  been 
made  at  the  temperature  mentioned.  Styrole  was  exposed  for 
three  or  four  hours  in  an  oil-bath  to  a  temperature  of  182°  C. 
(the  same  temperature  by  which  Gerhardt  and  Cahours  made 
the  determination  of  the  specific  gravity  of  the  vapour),  with- 
out, however,  being  altogether  volatilized.  There  remained 
constantly  a  considerable  portion  of  metastyrole  behind. 

To  obtain  accurate  results  on  this  point,  we  prepared  cin- 
namole by  means  of  lime  and  baryta.  With  respect  to  the 
action  of  the  lime,  we  obtained  the  same  results  as  Mitscher- 
lich.     The  distilled  product  is  a  mixture  of  different  bodies. 

*  Arch,  der  Pharvi,,  2  ser.  vol.  xx.  p.  167. 

t  Monatsbericht  der  Ber.  Acad.  u.  Lehrb.  4th  edit.  vol.  i.  p.  179. 
t  Ann.  de  Chhn.  et  de  Phys.,  3rd  ser.  vol.  i.  p.  60,  and  Ann.  der  Chem.  u. 
Pharm.  vol.  xxxviii.  p.  2Q. 
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His  suspicion  of  the  presence  of  benzole  we  found  to  be  also 
correct.  The  body  clescribed  by  Herzog  under  the  name  of 
cinnamole  was  evidently  benzole  mixed  with  traces  of  other 
materials.  The  boiling-point  and  specific  gravity  given  by 
him  are  in  themselves  sufficient  evidence.  By  distilling  a 
considerable  portion  of  cinnamic  acid  with  lime  we  easily  ob- 
tained proof  of  this  identity  in  the  following  manner: — The 
rectified  product  was  submitted  again  to  an  interrupted  distil- 
lation. The  oil  which  passes  over  under  100^  C.  was  col- 
lected by  itself,  and  after  treatment  with  fuming  nitric  acid, 
was  then  exposed  to  the  action  of  a  reducing  agent.  Aniline 
was  thus  obtained,  which  is  easily  recognised  by  its  charac- 
teristic properties. 

It  was  probable  that  the  portion  of  fluid  which  boils  at  a 
higher  temperature  contained  cinnamole.  We  endeavoured 
by  interrupted  distillations  to  separate  it,  but  could  not  obtain 
any  liquid  having  a  constant  boiling-point.  The  thermometer 
rose  at  last  above  200°.  The  portion  distilled  at  1 40°  formed 
with  bromine  a  white  crystalline  mass,  which  in  appearance 
and  smell  possessed  the  most  striking  similarity  to  bromo- 
styrole.  This  crystalline  compound  was  probably  hromocin- 
iiamolei  as  no  styrole  could  be  supposed  to  exist  in  it,  no  trace 
of  residue  being  left  in  repeated  tlistillations. 

Cinnamole  obtained,  according  to  Gerhardt  and  Cahours* 
plan,  by  distilling  cinnamic  acid  with  baryta,  proved,  after  rec- 
tification, a  colourless  fluid,  which  in  point  of  smell  was  very 
similar  to  styrole,  though  the  former  was  rather  more  agree- 
able than  the  latter.  With  bromine  it  forms  a  crystalline 
compound  having  very  much  the  appearance  of  bromostyrole. 
Unfortunately  a  sufficient  quantity  was  not  obtained  to  deter- 
mine the  boiling-point. 

As  a  further  point  of  comparison,  a  portion  of  the  product 
(prepared  from  lime  and  cinnamic  acid),  distilled  at  \\0°,  was 
sealed  up  in  a  strong  tube.  Another  tube  was  filled  with  the 
oil  made  according  to  the  plan  of  Gerhardt  and  Cahours,  and 
several  others  with  styrole.  All  these  tubes  were  placed  in  an 
oil-bath  heated  to  200°  C.  After  half  an  hour  the  bath  was 
allowed  to  cool  and  the  tubes  removed,  when  the  styrole  was 
found  to  have  become  solid,  whilst  the  substances  prepared 
from  cinnamic  acid  by  lime  and  baryta  had  lost  nothing  of 
their  fluidity. 

This  experiment  appears  at  first  sight  to  negative  the  idea 
of  the  identity  of  the  two  substances.  When,  however,  it  is 
considered  tliat  the  ])roduct  obtained  on  distilling  cinnamic 
acid  and  lime  contains  other  bodies  besides  cinnamole,  and 
that  tile  substance  prepared  from  baryta  and  the  same  acid 
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was  in  too  small  a  quantity  to  be  more  closely  investigated, 
it  is  evident  that  the  solution  of  this  question  must  be  reserved 
for  future  investigations. 

Should  these  prove  in  an  unequivocal  way  the  difference  of 
the  two  bodies,  it  would  be  of  great  interest  to  ascertain  from 
what  material  styrole  has  its  origin.  For  this  purpose  it  would 
be  in  the  first  place  particularly  important  to  gain  some  in- 
formation about  the  source  from  which  Styrax  liquidus  is  ob- 
tained. The  onlyauthentic  information  we  possess  on  this  point 
is  given  by  Martins*,  namely,  that  it  is  introduced  through 
Suez  and  Trieste,  is  named  by  the  East  Indians  Cotter  Mija, 
and  is  produced  from  a  tree  called  Rosa  Mallas.  From  this 
tree  two  products  are,  according  to  Martins,  obtained,  the 
one,  the  common  Styrax  liquidus,  through  a  sort  of  distillation  ; 
the  other  a  balsam,  which  is  very  rarely  to  be  met  with  in 
commerce.  An  investigation  of  the  latter  would  be  of  great 
interest. 

Postscript. 

The  preceding  memoir  was  finished  in  its  principal  points 
when  the  investigation  of  the  products  of  distillation  of  dra- 
gon's blood  by  Glenard  and  Boudaultf  appeared. 

A  short  notice  of  this  subject  had  been  earlier  laid  before 
the  French  Academy  J.  What  was  then  stated,  however,  did 
not  lead  us  to  suspect  in  the  slightest  degree  that  the  products 
obtained  by  distillation  from  dragon's  blood  could  stand  in 
any  relation  to  our  investigation  of  fluid  storax.  Their  late 
memoir,  which  contains  many  essential  corrections  of  the 
former  communication,  showed  us  at  first  sight  the  connec- 
tion between  it  and  our  investigation.  Messrs.  Glenard  and 
Boudault  having  communicated  some  striking  results,  not 
easily  to  be  understood,  it  appears  to  us  not  to  be  without 
interest  to  conclude  this  memoir  with  a  few  remarks  on  the 
investigation  of  the  French  chemists,  as  our  experiments  fur- 
nish a  key  to  their  difficulties. 

Glenard  and  Boudault,  by  distilling  dragon's  blood,  ob- 
tained, in  addition  to  water  and  some  acetone  and  benzoic 
acid,  a  reddish-brown  oily  fluid,  which  is  a  mixture  of  differ- 
ent bodies.  From  this  they  isolated  two  carbo-hydrogens, 
which  they  named  dracyle  and  draconyle. 

For  their  preparation  the  raw  oil  was  submitted  anew  to 
distillation,  and  the  product,  distilled  at  180°  C,  was  collected 
by  itself;  it  contains  dracyle  and  draconyle.  To  separate  them, 

•  Briefliche  Mittheiiung. 

\  Journ.  de  Pharm.  ct  de  Chem.  3me  ser.  vol.  vi.  p.  250. 

I  Ibid.  vol.  i.  p.  274,  and  Ann.  der  Chan.  u.  Pharm.  vol.  xlviii.  p.  343. 
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the  mixture  must  be  several  times  distilled  at  a  low  tempera- 
ture, never  reaching  the  boiling-point.  What  passes  over  is  a 
colourless  fluid, and  consists  of  dracyle,  with  a  small  quantity  of 
draconyle;  the  solid  residue  in  the  retort  is  entirely  draconyle. 

To  tree  the  dracyle  from  the  draconyle,  *'  'which  passes  over 
dissolved  in  the  vapour  of  the  Jhrmer,"  it  must,  acccording  to 
Glenard  and  Boudault,  be  several  times  distilled  over  hydrate 
of  potash.  The  potash  appears  here  to  form  no  combination 
with  the  draconyle,  "  but  only  to  modify  it  in  such  a  "joay  that  it 
is  no  longer  soluble  in  dracyle."  The  draconyle  remaining  in 
the  retort  is  to  be  washed  with  alcohol  to  remove  the  dracyle 
and  then  heated  to  150°  C,  by  which  the  last  traces  of  dracyle 
are  driven  off. 

Pure  draconyle  is,  according  to  these  chemists,  a  colourless 
mass  of  a  shining  appearance;  insoluble  in  water,  alcohol, 
aether  and  potash-ley,  but  soluble  by  heat  in  fat  and  sethereal 
oils. 

Draconyle  is  not  volatile^  but  by  aid  of  another  carbo-hydrogen 
it  can  be  distilled.  (II  n'est  point  volatile ;  toutefois,  il  pent 
distiller  a  la  faveur  d'un  autre  hydrogene  carbone). 

From  the  analysis  of  Glenard  and  Boudault,  draconyle  con- 
tains two  equivalents  of  carbon  to  one  of  hydrogen.  The 
formula  found  for  the  substance  obtained  by  the  action  of  ni- 
tric acid  on  draconyle,  and  for  which  they  proposed  the  name 
nitrodraconyle,  was  Cj4  Hg  NO4.  This  gives  for  draconyle 
Ci4  H7.  That  substance  seale<l  up  in  a  tube  and  heated  to  a 
high  temperature  is  converted  into  a  yellow  fluid,  which  boils 
at  140°  C,  and  has  the  same  composition  as  draconyle  itself. 
Thus  far  are  the  details  given  by  Glenard  and  Boudault.  On 
comparing  the  results  of  these  chemists  witii  ours,  it  is  at  once 
seen  that  metastyrole  and  draconyle  are  identical.  A  satisfactory 
explanation  is  immediately  found  for  some  things  in  their  me- 
moir otherwise  incomprehensible.  We  cannot,  for  instance, 
understand  how  a  body  with  the  properties  given  it,  and  totally 
devoid  of  volatility,  can  distil  by  the  aid  of  another  carbo-hy- 
drogen. In  boracic  acid,  indeed,  we  possess  a  body  in  itself 
completely  fixed,  but  which  volatilizes  in  not  inconsiderable 
quantities  with  the  vapour  of  boiling  water;  still  this  (juantity 
is  but  a  trace  in  comparison  with  the  amount  of  the  watery 
vapour.  Our  experiments  however  explain  quite  easily  this 
diiliculty.  Draconyle  {metastyrole)  exists  in  the  corresponding 
product  of  the  distillation  of  dragon's  blood,  not  as  such,  but  in  the 
form  of  styrole.  After  the  diKlillation  only  is  this  styrole  changed 
into  metastyrole  (draconyle).  It  is  not  easily  understood  why 
the  mixture  must  be  repeatedly  distilled  to  obtain  draconyle, 
and  wliy  llie  distilled  dracyle  obhluiatcly  retains  u  bmail  por- 
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tion  of  draconyle(thatis,in  this  case  sty  role),  which  can  only  be 
removed  by  continued  heating  with  hydrate  of  potash.  The 
hydrate  of  potash  is  here  really  unessential,  the  separation 
being  produced  by  the  action  of  the  heat  alone.  The  most 
certain  and  complete  mode  of  separation  would  be  to  seal  up 
the  mixture  in  a  strong  tube  of  glass,  and  heat  it  for  an  hour 
at  200°  C.  in  an  oil-bath.  On  opening  the  tube,  the  dracyle 
could  be  directly  distilled  from  the  metastyrole  (draconyle). 

Although,  on  making  a  comparison  of  the  two  bodies,  there 
can  be  no  doubt  of  their  identity,  it  appeared  desirable  to 
substantiate  the  assertion  by  direct  experiment.  The  point 
would  be  settled  could  there  be  obtained  from  dragon's  blood 
styrole  or  any  of  its  compounds.  We  are  indebted  to  Dr. 
J.  S.  Muspratt  for  a  quantity  of  the  oil  collected  at  180°  C. 
in  the  rectification  of  the  raw  product.  On  submitting  this 
to  a  new  distillation,  dracyle  alone  at  first  passes  over,  then  a 
mixture  of  dracyle  and  styrole,  and  finally  almost  pure  styrole 
shortly  before  the  metastyrole  (draconyle)  is  formed  in  the  re- 
tort. With  bromine  it  forms  a  crystalline  body,  possessing 
all  the  properties  of  bromostyrole.  Much  weight  however  was 
not  to  be  attached  to  this  reaction,  as  it  was  found  that  dracyle 
also  formed  with  bromine  a  compound  which  crystallized  in 
beautiful  needles.  To  decide  the  point,  a  quantity  of  the  fluid 
was  sealed  in  a  strong  tube  and  heated  in  an  oil-bath  to  200° 
C.  On  withdrawing  it  at  the  end  of  an  hour,  the  contents 
were  not  quite  solid,  but  the  original  light,  moveable  fluid 
was  converted  into  a  jelly  of  tenacious  consistency,  which,  on 
allowing  the  tube  to  cool,  could  scarcely  be  moved.  The  sty- 
role had  evidently  contained  a  small  quantity  of  dracyle. 

The  appearance  of  styrole  in  the  products  of  distillation  of 
storax  and  dragon's  blood  brings  these  two  substances  into 
close  relation  with  each  other  ;  probably  they  both  contain  the 
same,or  a  similar  principle,  which  by  distillation  is  decomposed 
in  a  similar  manner.  Its  isolation  would  be  of  great  interest. 
For  this  purpose  however  the  analysis  of  the  resins  must  be 
conducted  in  a  different  manner  than  has  hitherto  been  the 
case.  Cinnamic  acid  has  not  as  yet  been  observed  in  dra- 
gon's blood. 

XVIII.  Note  on  the  useful  a2)plications  of  the  Refuse  Lime  of 
Gas'ivor/cs.     By  Thomas  Graham,  Esq.^  F.R.SJ^ 

T  FIAD  lately  occasion  to  examine  the  lime  as  removed  from 
■*■  a  dry  lime  purifier.  The  gas  before  reaching  the  latter 
had  been  washed  with  dilute  sulphuric  acid,  which  accounts 

*  Communicated  by  the  Chemical  Society;  having  been  read  April  7i 
1845. 
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for  the  absence  of  ammonia  and  cyanogen  compounds.  The 
lime  had  not  been  exposed  more  than  a  few  hours  to  the  air 
before  it  was  operated  upon.  Still,  to  my  surprise,  it  did  not 
blacken  an  acid  salt  of  lead,  and  contained  no  sulphuret  of 
calcium.  It  was  not  dried,  but  analysed  in  a  damp  state, 
exactly  as  it  is  sent  out  of  the  works  to  be  used  as  manure. 

Composition  of  Gas-Lime. 

Hyposulphite  of  lime  .     .     .     12*30 

Sulphite  of  lime 14*57 

Sulphate  of  lime  ....  2-80 
Carbonate  of  lime  ....  14'*48 
Hydrate  of  lime      ....     17*72 

Sulphur 5*14 

Sand '71 

Water  combined     ....       8*49 

Water  (free) 23*79 

100- 
With  no  more  than  a  trace  of  ammonia  and  cyanogen. 

The  lime  in  the  porous  condition  in  which  it  is  taken  from 
the  dry-lime  purifiers,  absorbs  oxygen  so  rapidly  from  the 
air  as  to  heat,  and  hence  the  state  of  oxidation  in  which  the 
sulphur  is  found.  If  the  lime  be  very  damp,  or  diffused 
through  a  quantity  of  water,  as  it  comes  from  the  wet-lime 
purifiers,  then  the  absorption  of  oxygen  is  much  slower.  The 
fluid  portion  then  contains  in  solution  the  bisulphuret  of  cal- 
cium of  Herschel,  which  may  be  crystallized  from  it ;  and  at 
first  very  little  else. 

After  the  first  rapid  absorption  of  oxygen,  the  further  oxi- 
dation of  the  gas- lime  is  decidedly  slow.  A  specimen  kept  in 
an  open  vessel,  and  repeatedly  moistened  and  rubbed  to  pow- 
der when  it  dried,  was  found  after  three  months'  exposure  to 
retain  7  per  cent,  of  sulphurous  acid,  besides  all  the  free  sul- 
phur originally  present.  The  hyposulphurous  acid  had  en- 
tirely disappeared.  Hence,  if  added  to  soil  as  manure,  gas- 
lime  must  be  powerfully  deoxidizing,  a  property  which  will 
generally  impair  its  utility. 

It  appears  advisable,  where  the  refuse-lime  does  not  possess 
any  value  from  ammonia,  to  dry  it  strongly,  or  roast  it.  It 
would  thereafter  consist  of  nearly  equal  weights  of  sulphate 
and  carbonate  of  lime,  and  be  in  the  condition  most  valuable 
as  a  manure. 

HefuHe-limc,  such  as  was  examined,  may  be  recommended 
as  a  convenient  and  most  (economical  source  of  the  hy})osul- 

Chites.  The  lime,  after  being  liiken  from  the  purifiers,  should 
e  exposed  to  air  for  two  or  three  days,  till  it  loses  all  smell 
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of  sulphuretted  hydrogen.  The  highly  soluble  hyposulphite  of 
lime  may  then  be  dissolved  out  by  little  more  than  an  equal 
weight  of  cold  water.  The  solution  may  be  evaporated  at  120'^, 
and  the  hyposulphite  of  lime  crystallized  out;  or,  the  solution, 
by  adding  carbonate  of  soda,  converted  into  hyposulphite  of 
soda,  which  is  a  more  stable  salt,  may  be  evaporated  at  a 
higher  temperature,  and  crystallizes  more  easily. 

From  the  refuse-lime,  one- sixth  of  its  weight  of  crystallized 
hyposulphite  of  lime  has  been  obtained  in  a  state  of  purity  by 
a  single  crystallization.  When  the  gas  is  washed  with  sul- 
phuric acid  to  remove  ammonia,  before  being  conducted  into 
the  lime-purifier,  it  yields  the  refuse-lime  more  suitable  for 
this  purpose.  The  preparation  of  the  hyposulphites  in  quan- 
tity is  becoming  the  more  important,  as  besides  their  use  in 
electro-plating  and  photography,  they  are  likely  to  be  applied 
largely  to  the  extraction  of  chloride  and  bromide  of  silver 
from  silver  ores. 


XIX.  Examination  of  Babingtonite.  By  Robert  D. 
Thomson,  M.D.,  Lecturer  on  Practical  Chemistry  in  the 
University  of  Glasgow*. 

^YNONYMS. — Axotomous  Augite  spar  (Haidinger) ;  he- 
*^     midomatischer  Korazit  (Breithaupt). 

History. — The  name  Babingtonite  was  given  in  1824-,  by 
M.  Levy,  to  a  mineral  occurring  crystallized  on  felspar  from 
Arendal  in  Norway,  in  honour  of  Dr.  Babington,  one  of  the 
founders  of  the  Geological  Society  of  London f.  Hitherto 
this  mineral  has  been  of  such  rare  occurrence,  that  no  analy- 
sis of  it  has  been  made.  A  specimen  having  lately  come  into 
my  possession,  I  have  taken  the  opportunity  of  subjecting  it 
to  a  careful  examination. 

Crystalline  Form. — The  crystals  examined  appear  to  agree 
exactly  with  those  described  by  Levy.  They  occur  distributed 
over  the  surface  of  albite  and  associated  with  dark  green  am- 
phibole.  The  crystals  are  sometimes  six-sided,  at  other  times 
eight-sided,  doubly  oblique  prisms. 

The  colour  of  the  crystals  is  black,  and  the  histre  splendent 
and  vitreous. 

The  hardness  is  5*25. 

The  specifc  gravity  is  3'355.  It  is  stated  by  Breithaupt  to 
be  3*406,  a  very  close  approximation ;  and  in  Alger's  edition 
of  Phillips's  Mineralogy,  the  specific  gravity  is  given  as  3*5 

•  Communicated  by  the  Author. 

t  Annals  of  Philosophy,  Second  Series,  vol.  vii.  p.  275. 
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without  any  authority.    Kobell  fixes  it  at  3*4,  on  what  author- 
ity is  not  mentioned. 

Before  the  blowpipe  the  crystals  fuse  per  se  into  a  black 
enamel. 

With  carbonate  of  soda  they  fuse  into  a  green  opake  bead 
in  the  reducing  flame. 

With  borax  in  excess  a  clear  pale  yellow  bead  becoming 
violet,  and  with  microcosmic  salt  in  excess  a  clear  pale  amber 
bead  are  formed.  These  results  are  similar  to  those  obtained 
by  Mr.  Children,  and  his  conclusions  respecting  the  nature  of 
the  constituents  of  the  mineral,  by  testing,  are  corroborated 
by  analysis. 

The  following  analysis  was  made  with  the  careful  assistance 
of  my  friend  and  pupil,  William  Parry,  Esq.,  late  of  the  ^th 
King's  Own  Regiment. 

20*87  grains  lost  by  a  red  heat  0'26  grs.  water, 
19*62  grains  gave  9*42  grs.  silica, 

3*38   ...  protoxide  of  iron, 

2*17  ...   red  oxide  of  manganese, 

or  2*02  ...   protoxide  of  manganesci 

1*29  ...   alumina, 
5*34   ...   carbonate  of  lime, 

or  2*93  ...   lime, 

0*44  ...  magnesia. 

These  numbers  correspond  with  the  following  per-centage 
composition : — 

I.  II.  III.  IV. 

Composition    Atomic  weights  of  No.  of    No.  of  atoms  re- 
by  expt.        the  constituent*,    atoms,     duced  to  lowest 

Silica 47*46 

Protoxide  of  iron   .     .  16*81 

Protoxide  of  manganese  10*16 

Alumina 6*48 

Lime 14*74 

Magnesia      ....  2*21 

Water I'g^ 

99*10 

It  is  necessary  to  observe  that  the  manganese  contained  a 
minute  portion  of  iron. 

The  first  column  gives  the  results  of  experiment ;  the  second 
the  atumic  weights  of  the  constituents;  the  third  column  is  the 
product  of  the  divitiion  of  the  first  by  the  second  colunni ;  and 
the  fourth  exhibits  the  product  of  the  divi.sion  of  the  innnbers 
in  the  third  coluniti  by  the  lowest  lerin  in  that  cohnnn. 
I    'J'he  following  Table  expresses  the  theoretical  composition 


2* 

23'7S 

terms. 

26*36 

4*5 

3*75 

4*16 

4*5 

2*25 

2*5 

2*25 

2*88 

8*2 

3*5 

4*21 

4-6 

2*5 

0*90 

10 

1*125 

1*10 

1*22 
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of  the  mineral  as  deduced  from  the  third  and  fourth  columns 
of  the  preceding  table : — 

By  calculation.  No.of^toms.  Atomic  weight. 

Silica 47-24<  23  46 

Protoxide  of  iron.     ..     18*45  4-  18 

Protoxide  of  manganese        9*24  2  9 

Alumina 6-94  3  6*75 

Lime 14*39  4  14* 

Magnesia 2*59  1  2*5 

Water 1*15  ^  1'125 

100*  SB  97-375 

The  formula  to  express  the  composition  of  babingtonite, 
as  deduced  from  these  calculations,  is  as  follows: — 

MgO  SiO,  +  4CaO  SiO  +  4FeO  (SiO)2  +  2MnO  (SiO)2  +  3A10  (SiO)2  +  HO ; 
or  it  consists  of  two  simple  silicates  and  three  bisilicates. 

Babingtonite  agrees  with  the  amphibole  class  in  possessing 
a  complicated  constitution.  It  contains  nearly  the  same 
amount  of  silica,  but  much  less  magnesia  and  a  greater  amount 
of  manganese.  Its  specific  gravity  is  also  much  higher  than 
that  of  amphibole.  My  analysis  approaches  one  by  Bonsdorff, 
of  a  black  hornblende  from  Nordmark  and  Pargas,  the  mag- 
nesia being  replaced  by  manganese  in  babingtonite. 

XX.  On  the  Resolution  of  Equations  of  the  Fifth  Degree. 
By  James  Cockle,  Master  of  ArtSj  of  Trinity  College^ 
Cambridge ;  of  the  Middle  Temple,  Special  Pleader*. 

1.    IN  the  equation  of  the  fifth  degree  in  y, 

f-^P\2/'^+p2y^+P3f+P42/+P^  =  0.       .        .       (1.) 

and  J^4=fl(y+3;p.A  +  A2),       .     .     .     (3.) 

where  A=j?2 T^  5 (4.) 

5  ' 

TO 

then,  if  »  — '^  be  substituted  for  y  in  (1.),  we  obtain  an  equa- 
tion in  V  of  the  form  of  De  Moivre.  Denoting  by  x  the  root 
of  the  general  equation  of  the  fifth  degree,  let 

3/=22(A'.r^')  +  ^IWx''')  +  Wx^'  +  P';c'^'+  Q'^*'  +  ^llVa^),  (5.) 

the  suffixes  denoting  the  number  of  quantities  included  under 
each  S,  and  the  expression  lor  y  consisting,  consequently,  of 

*  Communicated  by  T.  S.  Davies,  Esq.,  F.R.S.,  F.S.A. 
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eleven  terms,  so  that,  by  the  notation  of  p.  ll*  of  vol.  i.*  of 
the  Mathematician,  (2.)  and  (3.)»  respectively,  become 

/3(10)=:0     .     .     (6.),         and/4(10)  =  0.       .     .     (7.) 
Now  1  have  shown,  at  paragraph  6  of  that  page,  how,  by 
means  of  a  quadratic,  which  we  shall  here  represent  by 

fiio'  (-lo)  =  0,    ......     .     {a.) 

and  four  base-\  quadratics  which  may,  respectively,  be  denoted 
by 

(6.)  may  be  reduced  to 

^,3+/3(4.)=0;  ^ (8.) 

and  also,  how,  by  means  of  a  quadratic, 

h'{^,)=0, (/) 

a  *  base '  quadratic,         J4^^^  =  0, {g.) 

and  a  cubic,  ^  {z^  =  0, {h.) 

(8.)  is  ultimately  reduced  to  the  base  cubic, 

>^_,3+ V  =  J,^^^  =  0;  .....  (;.) 
whence,  by  eliminating  z,^.  between  this  last  equation  and  (7.) 
(which  we  may  now  reduce  to/'*  (2)  =  0),  we  arrive  at  a  final 
biquadratic, 

c,  =  0, .    . u.) 

for  determining  z^',  and  r.^,  &c.  can  be  found  by  means  of 
the  other  equations  distinguished  by  letters;  and,  consequently, 
A',  A",  &c.  are  known. 

2.  In  this  investigation,  if  we  suppose  that 

x=Qx9  +  ^  (x), (9.) 

then  our  object  is  not  to  satisfy  (6.)  indcpefidentli/  of  Q,  so  as 
to  have  that  quantity  at  our  disposal  for  the  purpose  of  satis- 
fying (7.)t>  but  to  reduce  (6.)  to  a  linear  form,  and  then  eli- 
minate between  (6.)  and  (7.). 

S.  In  general,  after  eiT'ecting  our  fundamental  reduction 

/«(*)  =  2(n (10.) 

we  may  group  any  two  of  the  quantities  h"  together,  as  in  the 
above  instance,  and  make  their  sum  equal  to  zero;  or  should 
it  in  any  case  be  necessary,  we  may  increase  the  number  of 
disposable  (juantities,  and,  possibly,  obtain  a  (transcendental?) 
result,  by  grouping  two  or  more  tcrnis  of  the  right-hand  side 
of  (10.)  together,  and  making  their  sums  e(|ual  to  arbitrary 

•  The  2nd  pstgc  of  No.  iii.  (July  1844). 

t  'i'ho  word  "  ba*c  "  is  used  to  indicate  tiiut  they  degenerate  to  linear 
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Ofi  represetilhig  by  Diagrams  the  Results  of  Observations.  127 

quantities,  taking  care  that  the  sum  of  the  arbitrary  quantities 
shall  vanish;  or  we  may  change  the  right-hand  side  of  (10.) 
into  "x,  {h)f  X  being  an  arbitrary  function. 

4.  The  values  of  a  to  be  selected  in  the  transformations  of 
quadratics  and  biquadratics,  which  I  gave  at  p.  384  of  the  last 
volume  of  this  work,  are,  respectively,  I  and  —1. 

Cambridge,  July  ],  1845. 

XXI.  On  a  certain  Method  of  representing  by  Diagrams  the 
Results  of  Observations.  By  the  Rev.  S.  Earnshaw,  M.A., 
CamlnHdge^. 

IN  attending  the  proceedings  of  the  Physical  Section  of  the 
British  Association  at  the  late  meeting  in  this  place,  I 
was  struck  on  more  than  one  occasion  with  a  defect  in  the 
method  which  had  been  employed  by  some  of  the  experimen- 
talists in  representing  their  results  on  paper.  My  remarks 
refer  to  those  cases  in  which  polar  co-ordinates  were  used,  as 
was  done  in  two  very  interesting  and  important  papers ;  one 
"On  the  quantity  of  rain  which  had  fallen  with  different 
winds  at  Toomavara,"  and  the  other  "  On  Shooting  Stars." 
In  the  former  paper,  the  observer  (the  Rev.  Thomas  Knox) 
reduced  his  observations  to  a  pictorial  state,  by  drawing  upon 
paper  from  a  fixed  point  several  lines  to  represent  as  many 
directions  of  the  wind ;  and  this  done,  he  set  off  upon  each  of 
these  lines,  measuring  from  the  fixed  point,  a  length  propor- 
tional to  the  quantity  of  rain  which  had  fallen  while  the  wind 
was  in  that  particular  direction,  and  within  certain  limits  on 
each  side  of  it.     Perhaps  this  will  be  plainer  by  a  figure. 

From  O  draw  eight  lines,  ma- 
king angles  of  45°  with  each  other, 
to  represent  the  directions  of  the 
wind  according  to  the  letters 
placed  at  their  extremities.  From 
O  set  off  OB  to  represent  the 
quantity  of  rain  which  fell,  not 
only  when  the  wind  was  in  the 
north,  but  also  when  it  was  in 
any  direction  between  the  points 
N.N.E.  and  N.N.W.  On  a  si- 
milar plan  set  off  the  other  portions  OC,  OD,  ...  .  This  was 
the  method  employed  by  Mr.  Knox ;  and  a  similar  principle,  I 
believe,  was  made  use  of  by  M.  Gravierf  in  reducing  to  paper 

•  Communicated  by  the  Author. 

t  A.  notice  of  M.  Gravier's  researches  on  Shooting  Stars  will  be  found 
among  the  miscellaneous  articles  of  the  present  Number. — Ed. 
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the  numerical  laws  of  the  falling  stars  which  appeared  in  the 
various  quarters  of  the  heavens.  The  remarks,  therefore, 
which  I  have  to  offer  apply  equally  to  both  those  papers;  and 
indeed  to  all  others  in  which  the  method  of  polar  co-ordinates 
is  employed.  In  forming  a  diagram  in  the  manner  just  de- 
scribed, three  objects  seem  to  be  proposed;  to  discover  the 
mean  result,  by  drawing  a  curve  line  through  the  points  A, 
B,  C,  D,  ...;  from  the  inspection  of  such  a  curve  to  conjec- 
ture the  general  laws  of  the  phaenomenon ;  and  to  be  able  to 
interpolate  results.  These  objects  are  gained  in  perfection 
when  rectangular  co-ordinates  are  used,  but  not  so  when  polar 
co-ordinates  are  employed.  Now  when  the  experiments  have 
a  relation  to  directions  estimated  about  a  point,  and  to  mag- 
nitudes depending  upon  those  directions,  polar  co-ordinates 
have  a  natural  claim  to  be  employed:  but  when  used,  as  Mr. 
Knox  and  M.  Gravier  used  them,  there  is  a  peculiar  disad- 
vantage, which  it  is  desirable  to  remove,  especially  as  the  re- 
medy is  extremely  simple.  In  Mr.  Knox's  diagram,  if  a 
radius-vector  be  drawn  at  random,  it  will  represent  the  mean 
quantity  of  rain  which  fell  while  the  wind's  direction  was  within 
an  angular  distance  of  22^°  on  each  side  of  that  radius-vector. 
It  is  therefore  impossible  to  see  by  inspection  how  much  rain 
fell  while  the  wind's  direction  lay  within  two  proposed  direc- 
tions, unless  they  iiappen  to  include  exactly  an  angle  of  4^5°, 
It  must  be  acknowledged  that  this  is  a  great  defect.  The 
remedy  is  as  follows: — Instead  of  the  lines,  set  off  from  the 
fixed  point,  being  taken  proportional  to  the  quantities  to  be 
recorded,  they  should  be  taken  proportional  to  t/ie  square 
roots  of  ti)ose  quantities.  If  this  be  done,  the  figure,  drawn 
through  the  points  so  obtained,  has  this  property,  —  the  area 
included  between  «;/?/  two  radii-vectores  represents  to  the  eye 
the  whole  result  corresponding  to  all  directions  included  be- 
tween those  two  radii.  For  example;  in  Mr. 
Knox's  experiments,  OA,  OB,  OC,  OD  ... , 
being  set  off  proportional  to  the  square  roots 
of  the  corresponding  (|uantities  of  rain  ;  and  a 
curve  (as  in  the  atniexed  diagram)  being  drawn 
through  the  points  A,  B,  C,  I)  ... ;  if  we  now 
ch-aw  amy  two  radii,  OM,  ON,  making  any  angle  with  each 
other,  the  area  MON  will  represent  the  quantity  of  rain 
which  fell  when  the  direction  of  the  wind  lay  between  MO 
and  NO.  In  M.  Gravier's  experiments,  where  number  of 
■tars  takes  the  place  of  inches  ot  rain,  the  area  MON  rcpre- 
ftents  the  number  of  stars  which  fell  in  that  portion  of  the 
lieavenii  wiiich  is  included  between  two  planes,  one  of  which 
pasties  tiu'ougii  MO  and  the  observer'N  zenith,  and  the  other 
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through  NO  and  the  zenith.  [Perhaps  I  may  be  allowed  to 
suggest,  that  it  would  be  an  advantage  to  some  of  M.  Gra- 
vier's  results,  were  they  reduced  so  as  to  have  reference  either 
to  the  pole  of  the  earth,  or  to  the  magnetic  pole  as  a  inith 
point.] 

Through  the  medium  of  your  valuble  Journal,  I  lesire  to 
obtain  for  this  communication  the  attention  of  men  of  science 
who  are  engaged  in  inferring  from  observations  the  general 
laws  of  phaenomena.  The  advantage  of  the  method  I  have 
proposed  will  be  immediately  seen  by  every  person  who  will 
give  it  a  trial ;  I  shall  not,  therefore,  occupy  your  space  by 
any  further  statement  of  its  superiority,  but  conclude  with  re- 
marking, that  unless  the  plan  I  have  proposed  be  followed, 
the  method  of  polar  co-ordinates  is  inferior  to  that  of  rectan- 
gular co-ordinates,  and  is  deprived  of  some  of  the  advantages 
which  it  can  be  made  to  possess. 

Cambridge,  June  27.  1845. 

XXII.  On  the  Action  of  Chlorine  on  Cinnamic  and  Benzoic 
Acids.     By  John  Stenhouse,  Ph.D.* 

IN  a  short  paper  "  On  the  Action  of  Peroxide  of  Lead  on 
Cinnamic  Acid,"  published  in  vol.  xix.  of  the  Philo- 
sophical Magazine  so  long  ago  as  the  year  IS^l,  I  have  in- 
cidentally mentioned  that  "  when  cinnamic  acid  is  boiled  with 
a  solution  of  hypochlorite  of  lime,  it  is  converted  into  benzoic 
acid  with  the  formation  of  an  oily  liquid,  which  however  is 
not  oil  of  bitter  almonds,  as  its  taste  and  smell  are  quite  dif- 
ferent and  much  more  aromatic."  The  extremely  small  quan- 
tity in  which  I  at  that  time  obtained  this  oily  liquid  unfortu- 
nately prevented  me  from  being  able  to  subject  it  to  examina- 
tion. As  I  was  subsequently  led  to  doubt  if  the  acid  into 
which  the  cinnamic  acid  had  been  decomposed  was  really  the 
benzoic  acid  as  I  then  imagined,  I  was  induced,  nearly  six 
months  ago,  to  resume  the  subject.  While  thus  engaged,  1 
was  surprised  to  find  the  following  passage  in  a  paper  on 
Chloranil,  by  Dr.  Hofmann,  read  before  the  Chemical  Society 
in  December  last:— "  Neither  phloridzine,  phloretine,  cuma- 
rine,  nor  cinnamic  acid  are  transformable  into  chloranil.  The 
first  three  furnish,  by  the  action  of  chlorate  of  potash,  yellow 
resinous  bodies  insoluble  in  water  but  soluble  in  alcohol,  while 
the  last  is  converted  into  a  colourless  oil,  to  which  I  shall  recur 
in  a  future  paper  f." 

From  the  perusal  of  the  above  extract  I  was  immediately 
led  to  suspect  that  Dr.  Hofmann  had,  by  a  different  process, 
*  Communicated  by  the  Author.       f  See  Phil.  Mag.  S.  3.  vol.  xxvi.  p.  205. 
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obtained  the  oil  to  which  I  have  aheady  referred;  and  on  re- 
peating his  experiment  I  was  soon  convinced  that  the  oils  pro- 
duced by  acting  on  cinnamic  acid  either  with  hypochlorite  of 
lime  or  with  chlorate  of  potash  and  muriatic  acid  are  identical. 
I  may  mention  that  the  cinnamic  acid  on  which  I  operated 
was  prepared  from  liquid  storax  by  the  following  process:  — 
The  storax  was  boiled  for  a  couple  of  days  with  a  very  strong 
alkaline  lye.  The  alkaline  liquor  when  cold  was  diluted  with 
a  considerable  quantity  of  water,  which  precipitated  most  of 
the  resin  which  it  held  in  solution,  and  it  was  then  decom- 
posed by  an  excess  of  muriatic  acid.  The  cinnamic  acid  pre- 
cipitated in  a  very  impure  state,  being  mixed  with  a  large 
quantit}'  of  resin. 

If  the  alkaline  liquor  is  neutralized  while  hot,  this  resinous 
matter  melts  and  aggregates  into  large  masses,  which  inclose 
much  cinnamic  acid,  which  is  not  easily  separated  from  them, 
as  they  are  not  readily  acted  on  by  water.  The  cinnamic 
acid  was  purified  by  repeated  crystallizations;  the  resin  of  the 
storax  which  had  escaped  decomposition  during  the  first  ope- 
ration was  again  digested  with  an  alkali,  and  the  process  above 
described  repeated  so  long  as  it  continued  to  yield  any  cinna- 
mic acid.  Cinnamic  acid  is  usually  prepared  from  balsam  of 
Peru  by  means  of  an  alcoholic  solution  of  potash;  balsam  of 
Peru  however  is  very  difficult  to  decompose,  does  not  yield 
quite  so  much  cinnamic  acid,  and  is  more  than  twice  the  price 
of  licjuid  storax,  which  is  therefore  by  far  the  more  oecono- 
mical  source  of  that  acid. 

Action  of  Hypochlorite  of  Lime  on  Cinnamic  Acid. 

When  a  quantity  of  cinnamic  acid  is  dissolved  in  a  saturateil 
solution  of  hypociilorite  of  lime  and  subjected  to  distillation, 
n  violent  effervescence  ensues,  owing  to  the  escapt;  of  carbonic 
acid  gas,  and  a  quantity  of  oil  mixed  with  some  acid  and  water 
passes  over  into  the  receiver.  This  oil  is  heavier  than  water, 
and  has  a  very  peculiar  aromatic  smell,  intermediate  between 
that  of  bitter  almonds  and  Spirea  iilmnria,  though  not  exactly 
like  either  of  thetn.  Its  taste  is  sharp  and  burning,  pretty 
closely  resembling  that  of  cress  seed.  'Ihe  oil  was  first  washed 
with  water  to  remove  adhering  acid.  It  was  then  loft  to  stand 
for  some  days  over  a  mixture  of  fused  chloride  of  calcium  and 
fragments  of  unslaked  lime,  to  fre(;  it  from  moisline  and  muri- 
atic acid;  when  poured  oil'  this  mixture,  the  oil  was  strongly 
alkaline.  It  was  then  very  cautiously  distilled:  the  first  small 
portion  which  canic  over  was  colourless  and  neutral,  but  what 
followed  became  more  an<l  more  acid,  the  last  portions  exceed- 
ingly fiu,  evolving  fumes  of  muriatic  acid  and  assuming  a  deep 
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yellow  colour.  This  operation  was  several  times  repeated 
with  similar  results.  In  this  respect  the  oil  very  closely  re- 
sembles chlorbenzine,  which  also  cannot  be  distilled  without 
being  more  or  less  decomposed.  As  the  oil  was  always  par- 
tially decomposed  when  distilled  off  fused  chloride  of  calcium, 
another  portion  of  it  was  repeatedly  rectified  with  the  vapour 
of  water.  The  oil  then  cauie  over  quite  colourless  and  neu- 
tral. This  operation  also  freed  it  from  a  quantity  of  resinous 
matter  which  very  readily  forms  in  it.  The  purified  oil  when 
freed  from  water  as  well  as  possible  was  still  more  completely 
dried  by  being  kept  for  some  weeks  over  sulphuric  acid  in 
vacuo.  When  heated  it  readily  catches  fire  and  burns  with  a 
green-coloured  flame,  and  emits  fumes  of  muriatic  acid  gas. 
When  heated  with  caustic  potash,  it  is  partially  decomposed 
with  the  formation  of  chloride  of  potassium.  When  the  oil  is 
treated  with  strong  nitric  acid,  it  is  readily  attacked  with  co- 
pious evolution  of  deutoxide  of  nitrogen ;  and  on  the  cooling 
of  the  liquid  the  oil  is  converted  into  a  crystalline  mass.  The 
acid  which  is  formed  contains  nitrogen  and  crystallizes  rea- 
dily ;  it  is  very  soluble  both  in  water  and  in  alcohol;  it  forms 
soluble  salts  with  the  alkalies,  and  when  neutralized  it  causes 
no  precipitate  in  solutions  of  lime  or  silver  salts.  I  have  sub- 
jected portions  of  the  chlorine  oil,  prepared  at  different  times, 
to  numerous  analyses,  from  the  results  of  whieh  I  am  induced 
to  believe  that  it  is  a  carburetted  hydrogen  in  which  variable 
quantities  of  the  hydrogen  are  replaced  by  chlorine.  As  the 
oil  is  a  neutral  body,  J  have  been  unable  to  determine  its 
atomic  weight,  but  1  expect  that  the  examination  of  the  acid 
which  it  forms  with  nitric  acid  will  throw  some  light  upon  this 
point.  I  am  at  j)resent  occupied  with  this  subject,  the  results 
of  which  I  expect  to  communicate  very  soon.  It  has  been  al- 
ready stated  that  the  chlorine  oil  may  also  be  readily  pro- 
cured by  digesting  cinnamic  acid  with  chlorate  of  potash  and 
muriatic  acid.  It  is  also  invariably  formed  when  a  stream  of 
chlorine  gas  is  passed  through  a  hot  solution  of  cinnamic  acid ; 
so  that  there  are  three  different  methods  by  which  it  can  be 
procured.  The  production  of  this  oil  forms  an  excellent  test 
for  the  presence  of  cinnamic  acid. 

When  either  salicine  or  phloridzine  are  digested  with  a  so- 
lution of  hypochlorite  of  lime,  carbonate  of  lime  and  resinous 
substances  also  united  to  lime  are  produced,  but  neither  chlo- 
ranil  nor  any  oily  or  crystalline  compounds. 

Examination  of  the  Acids  formed  hy  the.  Action  of  HypochlO' 
rite  of  Lime  on  Cinnamic  and  Benzoic  Acids. 

After  the  mixture  of  hypochlorite  of  lime  and  cinnamic  acid 

K2 


132  Dr.  J.  Stenhouse  07i  the  Action  ofC/dorine 

had  ceased  to  yield  oil  to  any  considerable  extent,  it  was  trans- 
ferred into  a  flask  and  boiled  with  a  large  additional  quantity 
of  a  solution  of  bleaching  powder,  so  as  to  ensure  the  com- 
plete decomposition  of  the  cinnamic  acid.  The  boiling  was 
continued  till  every  trace  of  the  oil  had  been  removed.  A 
sediment  slowly  formed  in  the  liquor  consisting  of  carbon- 
ate of  lime  and  resinous  matter  united  to  lime :  the  liquid 
was  filtered  in  order  to  separate  this  precipitate :  the  clear 
liquid  contained  a  soluble  salt  of  lime  united  to  an  organic 
crystallizable  acid.  The  lime-salt  is  exceedingly  soluble,  but 
does  not  crystallize,  and  forms,  when  concentrated,  a  shining 
transparent  pellicle  on  the  surface  of  the  liquor.  The  salt  was 
decomposed  by  an  excess  of  muriatic  acid,  and  digested  till 
all  the  chlorine  was  driven  off.  As  the  liquor  cooled,  the  acid 
precipitated  in  white  voluminous  flocks ;  these  were  collected 
and  washed  with  cold  water  to  remove  adhering  muriatic 
acid.  The  crystals  usually  contain  a  little  adhering  resinous 
matter,  from  which  they  may  be  easily  purified  by  repeated 
crystallizations.  When  the  acid  is  heated  in  a  quantity  of 
water  too  small  for  its  complete  solution,  it  melts  into  an  oily 
liquid,  and  in  this  respect  differs  from  benzoic  acid  and  re- 
sembles cinnamic  acid:  cold  water  dissolves  very  little  of  it, 
but  it  is  tolerably  soluble  in  boiling  water,  especially  when  the 
boiling  is  continued  for  some  time.  It  is  much  less  soluble 
than  benzoic  acid,  however,  and  a  good  deal  of  it  remains  dis- 
solved in  the  mother  liquors.  'I  he  acid  dissolves  very  rea- 
dily, both  in  alcohol  and  in  aether.  Water  precipitates  it  from 
its  alcoholic  solution.  When  left  to  spontaneous  evaporation, 
it  readily  crystallizes  in  small  needles,  which  cross  each  other 
and  form  stars;  they  have  a  silky  lustre.  Its  smell  is  dis- 
agreeable when  it  is  impure,  a  little  resembling  that  of  naph- 
thaline, but  it  diminishes  as  the  acid  grows  purer,  and  at  last 
wholly  ceases:  its  taste  is  sharp  and  bitter,  and  affects  the 
throat  like  benzoic  acid.  When  gently  heated,  it  melts  and 
sublimes  in  crystals ;  when  very  highly  heated,  it  catches  fire 
and  burns  with  a  greenish  flame,  emitting  much  smoke.  This 
led  me  to  suspect  that  the  acid  contained  chlorine,  and  on 
neutralizing  a  little  of  it  with  potash,  treating  the  salt  destruc- 
tively, neutralizing  it  with  nitric  acid  and  testing  it  with  nitrate 
of  silver,  I  obtained  n  copious  precipitate  of  chloride  of  silver. 
The  ncid  itself  proiluces  no  precipitate  in  a  solution  of  nitrate 
of  silver,  but  when  it  is  neutralized  by  an  alkali,  a  white  floc- 
culcnl  precipitate  appears.  This  precinitate  is  pretty  soluble 
in  boiling  water,  though  much  less  so  than  benzoatu  of  silver, 
but  I  was  unable  to  obtain  it  in  crystals.  The  acid  gives  no 
prccipilnte  wiiii  ncetnte  of  lend,  but  a  pretty  dense  precipitate 
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with  the  subacetate.  Several  portions  of  the  purified  acid 
prepared  at  different  times  by  treating  cinnamic  acid  with 
hypochlorite  of  lime,  were  dried  at  212°  and  subjected  to 
analysis. 

(1.)  0*2011  grm.  substance  burned  with  chromate  of  lead 
gave  0*5085  carbonic  acid  and  0'0905  water. 


Found. 
Carbon  .  68*96 
Hydrogen  4*99 
Oxygen .     26*05 


Benzoic  acid  calculated. 

14  Carbon.     1050     68*85 

6  Hydrogen     75       4*91 

4  Oxygen    .400     26*24 


100-00  1525 

Almost  pure  benzoic  acid. 

(2.)  a.  0*2455  gave  0*573  COg  and  0*095  HO 
b.  0-2332  gave  0-086  Ag  CI. 

Found. 
Carbon  .  63*65 
Hydrogen  4*29 
Chlorine.     9*09 


Oxygen   .  22*97 

100*00 

Acid  betv/een  benzoic  acid 
and  the  acid  with  one  equi- 
valent of  chlorine. 


Formula  of  acid  with  1  equiv.  of  chlorine. 

CHcf03,  HO. 

14  Carbon  .  1050*0 
5  Hydrogen  62*5 
1  Chlorine  442*6 
4  Oxygen.     400*0 

1955*1 


53-70 

3*19 

22*63 

20*48 

100*00 


(3.)  0-2495  gave  0*471  CO2  and  0*067  HO. 


Found. 
Carbon  .  51*48 
Hydrogen  2*98 
CI  and  O  45*54 
100^ 
Acid  with  between  one  and 
two  equivalents  of  chlorine. 


Formula  of  acid  with  2  equiv.  of  chlorine. 
C„^f03.H0. 

14  Carbon.  "1 050*0 
4  Hydrogen  50*0 
2  Chlorine  885*2 
4  Oxygen  .  400*0 


(4.)  I.  0*3293  gave  0-5423  CO2  and  0-0667  HO. 
II.  0*2892  gave  0-477  COg  and  0-062  HO. 


I.  11. 

C  .     .     .  44*91  44*98 

H       .     .     2*28  2*38 

CI  and  O   52*81  52*64 

100*00        100*00 
Corresponding  to  the  acid  with  two 
equivalents  of  chlorine. 


Formula  of  acid 
with  two  equiv.  of  chlorine. 

Calculated. 


14  C 
4H 

2  CI 
4  O 


1050*0 

50*0 

885*2 

400*0 


44*02 

2*09 

37*01 

16*88 


100*00 
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(5.)  a.  0-393  silver  salt  gave  0  449  CO^  and  0'064  HO. 
b,  0-5025  gave  0-268  Ag  CI. 


Found. 

Formu 

a  of  silver  salt  with  1  at. 

chlorine. 

C    .      .      31-16 

14  at. 

Carbon      1050- 

31-87 

H  .     .        1-80 

4  ... 

Hydrogen      50* 

1-31 

AgO  .     43-14 

1  ,.. 

Chlorine .    442-6 

13-43 

Cl&O     23-90 

3  ... 

Oxygen.       SOO'O 

9-13 

10000 

1  ... 

AgO      .     1451-6 

44-06 

Corresponding  very  nearly 

3294-2 

100-00 

with  the  silver  salt  with  one 

equivalent  of  chlorine. 

The  first  portion  of  the  acid  analysed  was  treated  for  a  short 
time  only  with  a  comparatively  small  quantity  of  hypochlorite 
of  lime;  it  resembled  benzoic  acid,  and  differed  very  consider- 
ably in  its  properties  from  the  other  portions  of  acid  above 
described.  In  fact,  as  is  evident  from  the  results  of  its  ana- 
lysis, it  was  nearly  pure  benzoic  acid,  and  contained  scarcely 
a  trace  of  chlorine,  as  1  ascertained  by  direct  experiment. 
The  2nd,  3rd,  4th  and  5th  portions  of  acid  had  been  repeat- 
edly treated  with  large  quantities  of  hypochlorite  of  lime  and 
muriatic  acid,  some  of  them  five  and  six  times  successively; 
and  their  analysis  showed  that  their  carbon,  hydrogen  and 
oxygen  had  diminished,  and  the  amount  of  chlorine  they  con- 
tained increased  in  a  corresponding  proportion,  thus  forming 
a  series  of  chlorinated  acids  in  which  one  and  two  atoms  of 
hydrogen  are  replaced  by  similar  equivalents  of  chlorine.  It 
is  evident,  as  has  been  already  observed,  that  the  acid,  the 
analysis  of  which  stands  first  in  order,  is  almost  pure  benzoic 
acid,  the  hydrogen  of  which  has  been  scarcely  at  all  attacked 
by  the  chlorine.  The  action  of  chlorine  on  cinnamic  acid, 
therefore,  is  undoubtedly  at  first  confined  to  converting  it  into 
the  oily  chlorine  compound  so  often  mentioned,  and  into  ben- 
zoic acid ;  so  that  if  its  action  could  be  interrupted  exactly 
when  this  had  been  effected,  these  would  be  the  only  products. 
This  precise  period  it  is  extremely  difficult  to  hit,  as  the  chlo- 
rine proceeds  immediately  to  attack  the  benzoic  acid  and  to 
replace  one,  two,  antl  as  we  will  by  antl  by  see,  so  many  as 
three  equivalents  of  its  hydrogen,  thus  forming  a  series  of 
three  distinct  chlorinated  acids.  It  is  extremely  difficult  to 
obtain  any  one  of  these  acids  (luile  free  from  admixture,  either 
of  undecomposed  benzoic  acid  on  the  one  hand,  or  of  more 
higiily  chlorinated  acids  on  the  other.  The  way  in  which  this 
is  most  nearly  accomplished,  is  by  means  of  the  silver  salts, 
which  arc  mucii  less  soluble  tlian  the  benzoate  of  silver,  and 
which  consecjucntly  rcniains  dissolved  in  their  mother  li(jnors 
when  pretty  dilute.     The  action  of  a  mixture  of  chlorate  of 
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potash  and  muriatic  acid  on  cinnamic  acid  is  precisely  similar 
to  that  of  hypochlorite  of  lime,  viz.  the  production  of  the  oily 
compound,  and  subsequently  of  some  of  the  series  of  chlori- 
nated acids.  As  stated  in  a  previous  part  of  this  paper,  it  is 
not  necessary  to  have  the  chlorine  in  a  nascent  state,  in  order 
to  effect  the  decomposition  of  the  cinnamic  acid.  For  if  a 
stream  of  chlorine  gas  is  sent  through  a  hot  solution  of  cin- 
namic acid,  the  chlorine  oil  and  benzoic  acid  are  immediately 
formed ;  and  if  the  action  of  the  chlorine  is  continued,  the 
hydrogen  of  the  benzoic  acid  is  replaced  just  as  in  the  cases 
already  detailed. 

There  is  a  striking  analogy,  therefore,  between  the  action 
of  chlorine  and  of  nitric  acid  upon  cinnamic  acid,  the  first 
effect  of  nitric  acid  upon  cinnamic  acid  being  confined  to  con- 
verting it  into  benzoic  acid  and  oil  of  bitter  almonds;  but  if 
the  action  of  the  nitric  acid  is  pushed  still  further,  the  benzoic 
acid  is  also  decomposed  and  converted  into  nitro-benzoic 
acid. 

From  what  we  have  already  stated,  it  was  to  be  expected 
that  in  order  to  obtain  these  chlorinated  acids,  it  would  not 
be  necessary  to  employ  cinnamic  acid,  but  that  they  would 
also  be  formed  by  acting  directly  upon  benzoic  acid  itself, 
which  is  a  much  more  easily  procurable  substance  than  cin- 
namic acid,  and  therefore  a  much  more  convenient  source  of 
these  acids.  This  1  found  to  be  the  case.  Of  course  the 
benzoic  acid  gave  no  oil,  but  only  the  chlorinated  acids. 

The  following  are  some  of  the  results  of  chlorine  on  benzoic 
acid  applied  in  the  three  several  ways  already  described:  — 

A.  Chlorobenzoic  acids  produced  from  benzoic  acid  by 
means  of  hypochlorite  of  lime  and  muriatic  acid. 

I.  a.  06092  substance  burned  with  chromate  of  lead  gave 
0-990  CO2  and  0114  HO. 

b.  0*4375  burned  with  hydrate  of  lime  gave  0*6175  chloride 
of  silver. 

c.  0'3845  of  the  silver  salt  gave  0*186  chloride  of  silver. 

d.  0*3425  of  the  silver  salt  gave  0*3525  carbonic  acid  and 
0034  water. 

II.  Another  portion  of  benzoic  acid  treated  still  more  fre- 
quently with  hypochlorite  of  lime  than  the  preceding. 

0*3435  substance  gave  0*5095  COg  and  0*610  TIO. 

III.  Acid  which  had  been  still  longer  treated  than  No.  II. 
0-3572  substance  gave  0*510  CO2  and  0*051  HO. 

B.  Chlorobenzoic  acid  obtained  by  acting  on  benzoic  acid 
by  a  mixture  of  chlorate  of  potash  and  muriatic  acid. 

IV.  0*2066  substance  gave  0-324  COg  and  0*036  HO. 
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C.  V.  Acid  obtained  by  means  of  chlorine  gas  sent  through 
a  hot  solution  of  benzoic  acid  for  about  BQ  hours. 

a.  0-3334  substance,  0*6675  carbonic  acid,  and  0*097  HO. 

b.  0*2068  substance,  0-4165  CO2,  and  0*0665  HO. 

c.  0*3522  substance  gave  with  hydrate  of  lime  0*3125  chlo- 
ride of  silver. 

d.  0*8098  of  the  silver  salt  gave  0*9395  COo  and  0*1095 
HO. 

e.  0*414  silver  salt  gave  0*223  chloride  of  silver. 

VI.  Acid  through  a  solution  of  which  a  stream  of  chlorine 
gas  was  passed  for  seventy  hours. 

a.  0*4158  substance  gave  0*8053  COg  and  0*119  HO. 

b.  0*336  of  the  silver  salt  gave  0*1775  chloride  of  silver. 

The  following  are  the  determinations  per  cent. 

v. 
I.  , * . 

a  and  6  II.  III.  IV.  n,  b.  c.  VI. 

C     44-32        40-45        38-93        42-77        64-60        54-92  52-82 

H       207  1-97  158  193  3-23  357  318 

O      18-79 }     ^^'^^        ^^"^^        ^^'^^        ^2"^^        ^^'^^     1 21-29 1     ^^.^ 

100^    IWoo    TcmR)     10000     10000     hkhm)     ukToo    Toooo 

Silver  salts. 
I.  V. 

c  and  d.  d  and  c.  VI. 

C       .     .     28*06  31*64 
H      .     .        1*10  1-50 

AgO      .     39*13  43-57  42*73 

ClandO     31*71  23-29 

100-00  100*00 

It  will  be  observed  by  reference  to  the  formulae  given  in  a 
previous  part  of  the  paper,  that  the  acid  A.  obtainecl  by  hypo- 
chlorite of  lime  corresponds  to  the  acid  with  two  equivalents 
of  chlorine.  No.  H.,  which  was  treated  with  still  more  hypo- 
chlorite of  lime,  gave  a  mixture  containing  acids  with  two  and 
three  equivalents  of  chlorine;  and  No.  III.,  in  which  llie 
treatment  was  carried  still  further,  corresponds  to  an  acid 
with  nearly  three  equivalents  of  chlorine. 

Culciilated. 


14  Carbon 

.     37-29 

3  Hydrogen 

1-33 

3  Chlorine    . 

.     47-16 

4  Oxygen     . 

.     1 4-22 

100*00 

B.  The  acids  obtained  by  means  of  chlorate  of  potash  is  a 
mixture  of  acids  containing  two  and  three  equivalents  of  chlo- 
rine. 
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C.  marked  V.  is  an  acid  containing  one  equivalent  of  chlo- 
rine ;  and  the  silver  salt  marked  VI.  is  a  mixture  of  acids  con- 
taining one  and  two  equivalents  of  chlorine. 

Though  several  attempts  were  made,  I  did  not  succeed  in 
obtaining  any  of  the  salts  of  these  acids  in  distinct  crystals. 
When  boiled  with  a  mixture  of  muriatic  acid  and  alcohol, 
each  of  these  acids  formed  an  aether,  which  in  its  smell  and 
other  properties  closely  resembled  that  of  benzoic  acid. 

It  is  stated  in  most  systems  of  chemistry,  that  chlorine  has 
no  action  on  solutions  of  benzoic  acid,  but  from  the  facts  al- 
ready adduced,  it  is  evident  that  this  opinion  is  very  incorrect. 
It  would  be  unjust  to  conclude  without  referring  to  the  expe- 
riments of  M.  Herzog,  detailed  in  Berzelius's  Report  for 
1842,  p.  107,  Paris  edition.  M.  Herzog  says,  "that  when 
dry  benzoic  acid  is  exposed  to  the  action  of  chlorine  under  the 
influence  of  solar  light,  the  gas  is  absorbed  and  the  acid  is 
transformed  into  a  reddish  humid  mass,  having  a  disagreeable 
antl  fishy  smell.  When  this  is  treated  with  carbonate  of  soda, 
it  forms  a  brownish-red  solution,  while  a  resinous  body  having 
the  smell  of  benzoin  remains  undissolved.  When  the  alka- 
line solution  is  neutralized  with  nitric  acid,  a  crystalline  acid 
containing  chlorine  precipitates."  The  amount  of  the  chlo- 
rine contained  in  it  he  did  not  determine.  M.  Hertzog  also 
mentions  that  cinnamic  acid  is  decomposed  by  chlorine  in  a 
similar  way,  yielding  a  chlorinated  cinnamic  acid.  He  makes 
no  reference  to  the  formation  of  any  oil,  nor  does  he  appear 
to  have  attempted  an  analysis  of  any  of  these  compounds 
whatever. 

Glasgow,  June  9,  1845. 

XXIII.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

Anniversary  Meeting,  Nov.  30,  1 844. 

''P'HE  Marquis  of  Northampton  in  the  Chair. 
-*-  The  noble  President  stated  that  the  two  Royal  Medals  had  been 
adjudged  by  the  Council  to  Mr.  Boole,  for  his  important  papers  on 
a  General  Method  of  Analysis*  ;  to  Dr.  Andrews  of  Belfast,  for  his 
valuable  paper  on  the  Thermal  Changes  accompanying  Basic  Sub- 
stitutionsf  ;  and  the  Copley  Medal  to  Signer  Matteucci  of  Pisa,  for 
his  discoveries  in  the  magnetic  electricity  of  animal  nature. 

The  President  then  presented  the  Medals ;  after  which  he  pro- 
ceeded to  state  that  the  Society  had  lost  some  distinguished  mem- 

*  An  abstract  of  this  paper  will  be  found  in  vol.  xxiv.  p.  459. — Ed. 
t  Abstracts  of  Dr.  Andrews's  researches  will  be  found  in  vol.  xix.  p.  183; 
vol.  xxiv.  p.  457  J  vol.  XXV.  p.  93,  of  this  Journal. — Ed. 
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bers ;  among  whom  were  Sir  Henry  Halford,  who  long  presided  over 
the  College  of  Physicians ;  and  Dr.  Hope,  who  for  many  years  was 
Professor  of  Chemistry  in  the  University  of  Edinburgh.  "  We  have 
still  more  immediate  reason,"  his  Lordship  added,  "to  lament  the 
decease  of  one  of  our  ablest  and  most  zealous  colleagues,  the  late 
Mr.  Baily,  who  had  always  taken  an  active  share  in  the  business 
as  well  as  in  the  scientific  pursuits  of  the  Royal  Society  *.  We  have 
also  to  deplore  the  death,  at  a  venerable  age,  of  Dr.  Dalton  of  Man- 
chester, whose  eminent  discoveries  have  so  largely  contributed  to 
our  chemical  knowledge  and  to  the  scientific  reputation  of  En- 
gland." 

The  Address  contains  obituary  notices  of  deceased  Fellows  of  the 
Society,  from  which  we  select  the  following : — 

Dr.  Thomas  Charles  Hope  was  the  son  of  Dr.  John  Hope, 
Professor  of  Botany  in  the  University  of  Edinburgh,  and  was  born 
at  Edinburgh  on  the  21st  of  July  1766. 

His  devotion  to  chemical  science  and  his  recognition  as  a  chemist 
date  from  an  early  period  of  his  life  ;  for  he  was,  on  the  death  of  Dr. 
Irvine,  appointed  Lecturer  on  Chemistry  at  Glasgow  on  the  10th  of 
October  1787>  while  yet  in  his  twenty -first  year.  He  was  further, 
in  1789,  appointed  Professor  of  Medicine  in  the  same  university, 
conjointly  with  his  uncle  Dr.  Stevenson.  It  does  not  appear,  how- 
ever, that  he  had  actually  delivered  lectures  on  either  subject  in 
Glasgow  until  1793;  he  most  probably  passed  the  interval  in  study- 
ing at  home  and  abroad,  for  we  are  informed  that  he  returned  from 
France  in  1791,  and  he  thereafter  continued  to  lecture  at  Glasgow 
until  1795.  At  this  period,  he  received  the  distinguished  compliment 
of  being  recommended  by  Dr.  Black  as  his  assistant  and  successor 
in  the  chemical  chair  at  Edinburgh.  Accordingly,  in  1795,  Dr.  Hope 
entered  on  his  new  duties  by  delivering  a  course  conjointly  with 
Dr.  Black,  whose  decaying  powers  permitted  him  only  to  deliver  the 
lectures  on  Caloric.  In  this,  as  well  as  in  the  courses  of  chemistry 
which  he  delivered  in  Glasgow,  Dr.  Hope  taught  the  then  recent 
doctrines  of  Lavoisier,  which  had  not  yet  entirely  overthrown  the 
doctrine  of  phlogiston,  and  had  not  previously  been  publicly  taught 
by  any  professor  in  l^ritain. 

Dr.  Hope's  exertions  during  his  residence  at  Glasgow  had  not 
been  limited  to  writing  and  improving  his  lectures.  ()n  the  4-th  of 
November  1793,  he  read  to  the  Royal  Society  of  Edinburgh  his 
well-known  paper,  "On  a  mineral  from  Strontian,"  in  which  he 
pointed  out  the  existence  of  an  undescribed  earth,  distinct  from 
barytcH,  with  which  it  had  been  confounded,  and  to  which  he  gave 
the  name  of  Strontitcs. 

In  1H()3,  in  the  6th  volume  of  Nicholson's  Journal,  a  brief  notice 
was  publi!<hed  of  the  instrument  witli  which  Dr.  Hope  employed  a 
Boitition  of  Bulphuret  of  potassium  for  eudiometrical  purposes;  and 

•  The  nJmirablc  memoir  of  our  nuich-vnlued  friend  and  correspondent 
the  late  Mr.  Francii  Baily,  from  the  pen  of  Sir  J.  lIcrKchcl,  and  leiid  l)y 
him  at  a  tfieciHl  meeting  of  the  Astrunoinicai  Society,  it  printed  entire  in 
our  20th  volume,  p.  38. — En. 
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in  1804,  he  laid  before  the  Royal  Society  of  Edinburgh  the  careful 
and  elegant  experiments,  by  which  he  demonstrated  that  the  pro- 
position laid  down  by  Dr.  Croune  in  1683  regarding  the  expansion 
of  water  by  cold  is  really  correct;  and  that  the  phenomena  observed 
do  not  depend,  as  Hooke  and  others  had  maintained,  on  changes 
occurring  in  the  capacity  of  the  vessel  in  which  the  experiment  is 
conducted.  From  these  researches,  Dr.  Hope  concluded  that  the 
maximum  density  of  water  is  at  S9\°  or  40°  Fahr. ;  a  result  con- 
firmed by  the  more  recent  and  very  accurate  experiments  of  Hiill- 
strom,  who  estimates  its  point  of  greatest  density  at  39"39°  Fahr. 
This,  his  favourite  subject,  received  a  still  further  elucidation  from 
him  at  a  later  period  of  his  life.  In  1839  he  read  to  the  Royal 
Society  of  Edinburgh  a  paper,  in  which  he  showed  that  this  law  held 
true  with  regard  to  water  only  in  its  pure  state ;  and  that  when  it 
contains  saline  matters  in  solution,  as  in  sea-water,  it  follows  the 
ordinary  law  of  regularly  progressive  expansion  by  heat  and  con- 
traction by  cold. 

The  last  communication  which  Dr.  Hope  made  to  the  chemical 
world  was  in  1843,  when  he  read  two  papers  on  the  colouring  mat- 
ter of  the  Camellia  japonica,  Magnolia  yrandifiora,  and  Chrysan- 
themum leucanthemum.  In  these  communications,  he  asserted  the 
existence  of  three  new  proximate  organic  bodies,  to  which  he  gave 
the  names  of  Camelline,  Magnoline  and  Leucanthemine,  but  which 
he  did  not  obtain  in  a  separate  form. 

Dr.  Hope's  claims  on  the  gratitude  of  the  chemical  world  are  not 
to  be  estimated  by  his  merits  as  an  observer.  He  seems,  from  the  first, 
to  have  resolved  to  devote  himself  rather  to  the  business  of  teaching 
than  of  research.  He  spared  no  pains  to  make  his  lectures  attractive 
to  the  student ;  his  style  of  writing  was  elegant  and  concise,  and  his 
delivery  easy  but  impressive.  The  great  charm  of  his  lectures,  how- 
ever, consisted  in  the  elegant  experiments  with  which  he  illustrated 
them :  these  were  so  well-devised,  so  skilfully  arranged  and  so  neatly 
performed,  that  a  failure  on  his  lecture-table  was  an  occurrence 
almost  unknown.  One  other  circumstance  which  contributed  to  his 
success  as  a  lecturer  was  the  excellent  health  which  he  enjoyed. 
During  a  period  of  nearly  sixty  years,  in  which  he  was  engaged  in 
studying  or  teaching  medicine  and  chemistry,  he  was  not  more  than 
six  days  in  all  prevented  by  illness  from  discharging  his  duties.  He 
retained  his  vigour  and  his  faculties  with  little  diminution  till  within 
a  short  period  of  his  death];  but  in  1843,  finding  himself  unequal  to 
the  duties  of  his  class,  he  arranged  with  his  colleague  Dr.  Traill  to 
deliver  the  lectures  for  him,  and  shortly  after  resigned  the  appoint- 
ment into  the  hands  of  the  patrons. 

Dr.  Gregory  was  appointed  to  the  vacant  chair,  and  before  he  had 
entered  on  its  duties  his  veteran  predecessor  died  at  Edinburgh  on 
the  13th  of  June  1844,  in  the  78th  year  of  his  age. 

JoriN  Dalton  was  born  on  the  5th  of  September,  1766,  at  Eagles- 
field,  near  Cockermouth,  in  the  Cumberland  Lake  district.  He 
passed  some  years  as  teacher  of  mathematics  in  a  school  at  Kendal, 
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and  removed  in  1793  to  Manchester,  where  he  continued  to  reside 
during  the  whole  of  his  after-life. 

It  was  doubtless  his  long  residence  among  the  lakes  and  mountains 
of  Cumberland,  and  his  consequent  early  familiarity  with  the  ever- 
varying  conditions  of  the  atmosphere  observable  in  that  district, 
that  gave  the  first  impulse  to  his  genius,  and  materially  influenced 
his  subsequent  scientific  career.  His  earliest  important  publication 
was  a  Treatise  on  Meteorology,  which  furnished  a  clear  compendium 
of  all  the  facts  then  ascertained,  and  made  known  various  original 
views,  especially  on  the  altitude  of  the  Aurora  Borealis.  From  ob- 
serving and  recording  the  sensible  atmospheric  changes,  the  phaeno- 
mena  of  dew,  of  clouds  and  of  temperature,  he  was  naturally  impelled 
to  inquire  into  the  constitution  of  the  atmosphere,  and  more  gene- 
rally of  mixed  elastic  fluids,  and  into  the  theory  of  evaporation  and 
the  laws  of  heat.  On  these  questions  he  made  public,  through  the 
Transactions  of  the  Manchester  Society,  a  series  of  experimental 
memoirs,  of  which  it  is  impossible  to  over-estimate  the  importance. 
His  first  conception  of  the  mutual  relations  of  mixed  gases  was,  that 
each  gas  stood  in  the  relation  of  a  vacuum  to  the  particles  of  all  other 
gases ;  but  in  his  New  System  of  Chemical  Philosophy  he  subse- 
quently relaxed  the  strictness  of  this  original  proposition,  by  con- 
ceding that  the  particles  presented  some  mechanical  impediment  to 
commingling.  He  ascertained  the  form  of  the  vapours  of  water  and 
some  other  liquids  at  different  temperatures,  and  dispelled  by  these 
experiments  and  others  of  equal  importance  the  obscurity  in  which 
the  theory  of  vaporization  had  been  left  by  De  Luc  and  Saussure. 
He  first  showed  that  a  given  space,  whether  void  or  filled  with  any 
gas,  in  contact  with  water,  contains  precisely  the  same  amount  of 
aqueous  vapour,  and  thus  established  the  non-existence  of  chemical 
affinity  between  the  gas  and  the  steam  of  water.  It  is  impossible  not 
to  be  impressed  with  the  beautiful  simplicity  of  the  instruments  by 
which  these  important  results  were  wrought  out.  Four  barometric 
tubes,  filled  with  mercury,  over  which  were  admitted  small  columns 
of  water,  alcohol,  ether  and  sulphuret  of  carbon,  were  the  means 
employed  for  the  admeasurement  of  the  comparative  forms  of  the 
vapours  at  different  atmospheric  or  artificial  temperatures.  Among 
these  successive  memoirs  is  one  of  great  merit  on  the  heat  evolved 
during  the  entrance  of  air  into  a  vacuum.  He  showed  the  inade- 
quacy of  the  thermometer  to  serve  as  a  measure  of  this  evanescent 
elevation  of  temperature,  and  by  an  ingenious  contrivance  obtained 
a  much  closer  approximation  to  the  true  heat. 

The  first  part  of  his  New  System  of  Chemical  Philosophy  will  pro- 
bably constitute  the  most  durable  monument  of  his  scientific  genius ; 
in  this  small  volume  arc  condensed  tlu;  results  of  nmny  years'  patient 
thinking  and  of  nuich  laborious  research  ;  those  larger  portions, 
which  are  devoted  to  the  nu-asuro  of  temperature  and  the  th(>ory  of 
■pocifie  heat,  nuiy  still  \w.  studied  with  advantage,  though  they  were 
deemed  by  Dr.  Daltori  himself  to  have  l)cen  in  great  part  sujjerHeded 
by  the  labours  of  MM.  Petit  and  Dulung.    Tlic  short  concluding 
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chapter  contains  the  first  announcement  of  the  atomic  doctrine  of 
chemical  combination. 

He  has  often  expressly  stated  that  the  tables  of  chemical  equiva- 
lents constructed  by  Wenzel  and  Richter  first  suggested  to  him  the 
conception  that  chemical  combination  must  have  place  between  the 
ultimate  particles  or  indivisible  atoms  of  bodies.  The  tabulated 
differences  of  weight  of  the  different  bases  required  to  neutralize  a 
given  weight  of  acid  would,  on  this  hypothesis,  represent  the  respec- 
tive weights  of  their  ultimate  atoms.  Further  evidence  of  more 
decisive  character  presented  itself  in  the  instances  in  which  one  body 
combines  with  another  in  more  than  one  proportion.  The  successive 
combining  quantities  were  ascertained  to  be  represented  by  numbers 
that  were  simple  multiples  of  the  smallest  or  lowest  quantity.  Dr. 
Dalton's  earliest  illustration  of  his  law  of  multiple  proportions  was 
derived  from  the  gaseous  compounds  of  oxygen  and  nitrogen.  Dr. 
Wollaston  afterwards  discovered  other  examples  of  the  law  in  the 
tartrates  and  oxalates,  and  M.  Gay  Lussac's  precise  experiments  on 
gaseous  combination  completed  the  chain  of  evidence.  All  the  phae- 
nomena  of  inorganic  chemistry  have  been  since  shown  to  be  in  strict 
accordance  with  the  atomic  hypothesis,  which  has  banished  the  un- 
certainty of  conflicting  results,  by  enabling  the  experimentalist  to 
anticipate  and  correct  his  analyses,  and  has  thus  raised  chemistry,  as 
respects  numerical  precision,  almost  to  the  rank  of  a  mathematical 
science. 

It  would  be  inconsistent  with  the  principles  of  logical  induction  to 
claim  for  the  atomic  doctrine  higher  rank  than  that  of  the  most  con- 
venient form  of  expressing  and  recording  chemical  phaenomena,  and 
of  the  most  probable  hypothesis  that  has  been  hitherto  proposed  for 
interpreting  chemical  combination.  In  the  field  of  organic  analysis, 
which  has  of  late  years  been  laboured  with  signal  success,  rules  of 
combination  seem  to  obtain  which  are  difficultly  reconcileable  with 
the  doctrine  of  Dalton.  It  is  scarcely  possible  to  conceive  the  me- 
chanical juxtaposition  of  so  large  a  number  of  elementary  atoms  as 
would  appear  to  constitute  one  compound  organic  atom  ;  there  are 
consequently  many  among  the  cultivators  of  this  branch  of  chemical 
science  who  refuse  to  accept  the  atomic  hypothesis  as  now  consti- 
tuting a  sufficient  generalization  of  established  facts.  Yet  even  in 
the  chemistry  of  vegetable  substances,  the  remarkable  changes  dis- 
covered by  Mitscherlich,  which  he  conceives  best  explained  by  the 
union  of  propejacent  atoms  of  hydrogen  and  oxygen,  and  their  elimi- 
nation in  the  form  of  water,  minister  strong  support  to  the  theory  of 
atomic  combination.  Without  venturing  to  anticipate  the  future 
destinies  of  the  hypothesis  of  Dalton,  it  is  sufficient  for  the  fame  of 
its  author  to  acknowledge  the  mighty  impulse  it  has  given  to  the 
progress  of  chemical  knowledge. 

Dr.  Dalton  died  on  the  27th  of  July,  184-4. 

Thomas  Henderson,  Professor  of  Practical  Astronomy  in  the 
University  of  Edinburgh,  and  Her  Majesty's  Astronomer  lor  Scot- 
land*. 

*  A  full  memoir  of  Professor  Henderson,  from  the  Proceedings  of  the 
Astronomical  Society,  will  be  found  at  p.  60  of  the  present  volume. — Ed. 
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William  Allen  was  the  son  of  Mr.  Job  Allen,  a  silk-manufac- 
turer of  Spitalfields,  and  was  born  in  London  on  the  29th  of  August 
1770.  His  father  being  of  the  Society  of  Friends,  he  was  strictly 
educated  in  the  principles  of  that  religious  community,  of  which  he 
continued  till  his  death  an  exemplary  and  distinguished  member. 
The  early  preference  evinced  by  him  for  chemistry  induced  his 
father  to  place  liim  in  an  establishment  of  high  repute,  of  which, 
some  years  after,  he  became  the  proprietor.  But  happily  for  suffer- 
ing humanity,  neither  commercial  gains  nor  the  love  of  science  itself 
could  hold  exclusive  possession  of  his  mind.  From  an  early  period 
of  his  life  he  co-operated  with  Clarkson,  Wilberforce  and  other  philan- 
thropists in  their  efforts  for  the  abolition  of  the  African  slave- 
trade,  which  were  happily  at  length  successful. 

Mr.  Allen's  connexion  with  the  schools  of  chemistry  and  natural 
philosophy  in  Guy's  Hospital  commenced  in  1803,  and  continued  till 
1826 :  Mr.  Allen's  ability  and  fitness  as  a  teacher  of  science  were 
there  amply  attested. 

In  ISO^,  Mr.  Allen  read  his  first  course  of  lectures  on  natural  phi- 
losophy in  the  Royal  Institution.  The  valuable  reseai'ches  on  carbon, 
carbonic  acid,  and  the  changes  effected  in  atmospheric  air  by  respi- 
ration, made  by  jNIr.  Allen  in  conjunction  with  Mr.  Pepys,  are  too 
well  known  to  require  remark.  The  results  are  to  be  found  in  our 
Transactions  for  1807,  1808,  1809.  Mr.  Allen  was  in  1807  admitted 
a  Fellow  of  the  Royal  Society.  He  also  became  a  member  of  other 
scientific  bodies  of  this  country  and  of  the  continent. 

It  was,  however,  to  other  objects  of  public  utility  that  the  greater 
part  of  Mr.  Allen's  life  was  devoted.  The  education  of  the  poor  on 
christian  principles,  and  the  circulation  of  the  holy  scriptures,  were 
among  the  first  to  which  he  directed  his  efforts ;  and  wherever  he 
went  the  moral  improvement  of  his  fellow-creatures  occupied  his  at- 
tention. He  was  at  all  times  ready  to  cooperate  with  the  good  of 
every  creed  whose  aim  was  the  happiness  of  mankind,  and  probably 
no  man  of  his  generation  lived  to  see  nobler  fruits  of  his  labours*. 

Having  been  one  of  the  founders  of  the  British  and  Foreign  School 
Society,  he  was,  in  1808,  elected  its  first  treasurer,  an  office  which  he 
held  until  his  death.  To  this  institution  he  liberally  contributed  not 
only  his  time,  but  also  large  pecuniary  assistance.  At  Lindfield,  in 
Sussex,  be  expended  large  sums  in  building  schools  of  industry,  and 
laboured  assiduously  by  other  plans  for  bettering  the  condition  uf 
the  poor.  Among  these  the  system  of  allotments  of  land  found  him 
a  zealous  patron. 

In  1818-19  Mr.  Allen  visited  Russia,  where,  in  the  reign  of  the 
Emperor  Alexander,  he,  in  conjunction  with  two  friends,  compiled  a 
volume  of  scriptural  selections,  for  the  instruction  of  youth  in  the 

•  [Among  llie  landiibic  ol)jcct«  to  which  Mr.  AIIcu'k  efforts  were  devoted. 
and  of  which  he  lived  to  sec  the  fniittt.lhenlmlition  of  cnpitnl  punisiimeiits 
wa«  one  of  the  niout  important,  nhhoiigh  it  hns  not  been  mentioned  in  the 
noticcH  which  hnvu  been  publinhed  of  bin  useful  life. 

For  ttcvtrrni  yciir»  ii  eoniiuittec,  of  wliicb  the  writer  of  this  note  wn«  a 
mcinlier,  for  n»r,i«tiriK  Sir  S.  Homiliv  iiiui  ollicrit  in  the  pursuit  of  this  olycct, 
iield  ii»  mccting«  regularly  at  Mr.  Allen**  house,  in  Plough  Court.— R.'l .] 
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military  and  other  schools  of  that  empire.  Mr.  Allen  made  several 
other  journeys  for  benevolent  objects  to  the  continent,  and  he  greatly 
exerted  himself  in  behalf  of  the  Greeks  and  of  the  Waldenses  of 
Piedmont. 

The  source  of  Mr.  Allen's  extraordinary  influence  was  to  be  found 
in  that  singleness  of  purpose,  which,  breaking  down  the  obstacles  of 
party,  gave  him  access  to  those  in  power,  and  carried  him  as  by  a 
royal  road  to  the  confidence  and  favour  of  princes.  At  home  we 
find  him  enjoying  the  marked  consideration  of  their  late  Royal  High- 
nesses the  Dukes  of  Kent  and  Sussex,  the  former  appointing  him 
one  of  his  executors ;  and  abroad  he  was  in  frequent  communication 
with  the  Emperor  Alexander. 

Mr.  Allen  possessed  in  an  uncommon  degree  the  power  of  giving 
his  mind  to  a  great  variety  of  subjects,  and  this,  together  with  his 
activity,  economy  of  time  and  early  habits,  enabled  him  to  acconl- 
plish  a  prodigious  amount  of  good.  His  correspondence  alone  was 
a  labour  from  which  most  men  would  have  shrunk. 

In  addition  to  subscriptions  and  donations  to  public  charities,  the 
casual  calls  on  Mr.  Allen's  benevolence  were  very  heavy;  he  also 
gave  cheerfully,  and  there  are  perhaps  few  great  works  which  he 
did  not  at  some  period  of  his  life  assist.  The  extent  of  Mr.  Allen's 
charity  seems  to  have  been  widely  known,  for  we  find  the  Emperor 
Alexander  urging  it  as  a  reason  for  his  undertaking  the  supply  of 
drugs  for  the  Russian  armies,  an  offer  which  he  gratefully  but  firmly 
refused,  and  to  his  honour  be  it  spoken,  he  resisted  a  temptation  the 
value  of  which  it  would  be  difficult  to  estimate.  At  the  end  of  a 
long  life  he  could  say  that  he  had  never  compromised  his  public  use- 
fulness for  private  interests. 

During  the  last  fourteen  years  of  his  active  life,  Mr.  Allen  had 
passed  about  half  his  time  at  Lindfield,  diffusing  happiness  and  doing 
good  to  those  about  him.  The  review  of  a  well-spent  life  gave  com- 
fort to  the  evening  of  his  days,  and  that  gospel  which  had  been  his 
rule  through  life  was  his  stay  in  death,  sustaining  his  mind  in  se- 
renity and  peace. 

He  died  at  Lindfield  on  the  30th  of  December,  184'3,  aged  73. 

The  following  Noblemen  and  (ientlemen  were  elected  Officers  and 
Council  for  the  ensuing  year,  viz 

President. — The  Marquis  of  Northampton.  Treasurer. — Sir  John 
William  Lubbock,  Bart.,  M.A.  Secretaries. — Peter  Mark  Roget, 
M.D.,  Samuel  Hunter  Christie,  Esq.,  M.A.  Foreign  Secretary. — . 
John  Frederic  Daniell,  Esq.,  D.C.L.  (since  deceased)  Other  Mem- 
bers of  the  Council.— John  Bostock,  M.D. ;  William  Bowman,  Esq. ; 
Isambard  Kingdom  Brunei,  Esq.;  Rev.  William  Buckland,  D.D. ; 
Sir  William  Burnett,  M.D.,  K.C.H. ;  George  Dollond,  Esq. ;  Very 
Rev.  Dean  of  Ely ;  Thomas  Graham,  Esq.,  M.A.;  Roderick  Liipey 
Murchison,  Esq.;  Richard  Owen,  Esi].;  Sir  James  Clark  Ross, 
Capt.  R.N. ;  John  Forbes  Roylo,  M.D. ;  William  Sharpey,  M.D. ; 
John  Taylor,  Esq.;  Rev.  Robert  Walker,  M. A. ;  Lord  Wrottesley. 


[  144,  ] 

ROYAL  ASTRONOMICAL  SOCIETY. 

[Continued  from  p.  79.] 

February  14,  1845. — Extracts  from  the  Report  of  the  Council  of  the 

Astronomical  Society  to  the  Annual  General  Meeting. 

The  Royal  Observatory  must  occupy  a  very  prominent  place  in 
this  year's  report. 

The  reduction  of  the  Greenwich  planetary  observations  from  1750 
to  1830  was  suggested  by  the  British  Association  at  the  [first]  Cam- 
bridge meeting.  On  the  motion  of  the  Board  of  Visitors  of  the  Royal 
Observatory,  Her  xVIajesty's  government  undertook  to  defray  the  ex- 
pense of  printing,  and  committed  the  work  to  the  charge  of  the  As- 
tronomer Royal,  All  is  now  done  and  printed  in  671  large  quarto 
pages,  except  the  introduction.  There  are  five  sections :  I.  contains 
the  investigation  of  clock  errors  and  rates,  and  computation  of  mean 
time,  all  by  stars.  II.  Investigation  (by  stars)  of  index  errors  of 
quadrants  and  circles,  and  zenith  points  of  circles  (the  Tabula  RegiO' 
montance  are  the  basis  of  these  two  sections).  III.  Geocentric  places 
of  the  planets  inferred  from  the  original  observations,  and  corrected 
by  the  elements  obtained  in  I.  and  II.  IV.  Computation  of  the  ta- 
bular geocentric  places  of  the  planets,  each  from  the  best  existing 
theory  applying  to  that  planet  (the  four  small  planets  excepted). 
V.  A  comparative  view  of  the  observed  and  tabular  geocentric  places, 
and  an  exhibition  of  the  equations  which  this  gives  for  the  heliocen- 
tric errors  of  each  planet. 

The  reduction  of  the  Greenwich  lunar  observations  from  1 750  to 
1830  was  also  suggested  by  the  British  Association,  and  has  been 
carried  on  under  the  superintendence  of  the  Astronomer  Royal  at  the 
expense  of  the  government.  The  reductions  being  now  very  nearly 
completed,  the  Board  of  Visitors  has  recommended  to  the  govern- 
ment to  print  them  with  considerable  detail,  and  with  actual  correc- 
tion of  the  elements  of  the  tables.  This  last  is  rendered  practicable 
by  the  deduced  results  having  been  uniformly  compared  with  those 
of  Plana's  lunar  theory  (with  some  emendations).  It  is  understood 
that  an  adequate  sum  is  to  be  inserted  in  next  year's  estimates. 

It  will  be  perceived  that  the  Royal  Observatory  is  making  up  its 
ledger ;  and  future  astronomers,  who  will  nearly  as  soon  publish 
unmade  as  unreduced  observations,  will  be  surprised  at  the  uniform 
credit  "which  it  has  maintained  during  the  long  period  in  which  it 
has  never  investigated  the  state  of  its  own  accounts.  The  truth  is 
that  it  has  always  led  the  world ;  and  it  is  not  fair  to  demand  of  the 
highest  why  it  is  not  yet  more  high.  We  may  now  confidently  ex- 
IHJCt  new  lunar  tables,  and  considerable  emendations  of  the  planetary 
one*,  'llic  astronomical  world  will  not  fail  to  bear  in  mind  what  it 
OWC9  to  the  present  Astronomer  Royal,  who,  when  at  the  head  of 
the  Cambridge  ObBcrvatory,  first  presented  a  com])letc  volume  of 
reduced  observations  as  part  of  the  regular  business  of  the  institution. 
If,  as  may  reasonably  be  assumed,  the  iinj)ulsc  given  to  astronomy 
in  England  by  the  young  exertions  uf  this  Society  was  one  of  the 
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causes  of  the  foundation  of  an  observatory  at  Cambridge,  we  form 
no  trivial  wish  when  we  hope  that  the  consequences  of  the  future 
may  equal  in  importance  those  of  the  past. 

It  is  probably  known  to  most  of  the  Fellows,  that  the  government, 
on  the  representation  of  the  Astronomer  Royal  to  his  Board  of  Visi- 
tors, has  sanctioned  the  erection  of  an  altitude  and  azimuth  instru- 
ment for  extra-meridional  observations  of  the  moon.  For  more  than 
a  century  all  fundamental  observations  of  stars  and  planets  have  been 
made  in  the  meridian  ;  and  if  sufficient  frequency  of  observation  could 
be  ensured,  there  is  no  reason  to  suppose  that  any  other  species  of 
observation  could  be  required.  In  the  case  of  the  moon,  however, 
there  is  a  necessary  loss  of  the  meridian  observation  during  a  part  of 
the  month,  and  occasional  occurrence  of  clouds  at  the  time  of  other- 
wise visible  transit ;  to  which  it  must  be  added,  that  theoretical 
knowledge  of  our  satellite  is  so  advanced  as  to  make  it  difficult  to 
carry  it  further  by  such  sets  of  observations  as  can  be  procured  with 
meridional  instruments.  The  Astronomer  Royal  has  therefore  de- 
termined to  commence  the  task  of  following  the  moon  through  her 
daily  course  to  an  extent  which  will  supply,  or  more  than  supply, 
the  failure  of  meridian  opportunities  ;  and  your  Council  feels  a  san- 
guine presentiment  that  this  abandonment  of  the  meridian  will  be  an 
epoch  in  the  history  of  astronomy.  Tlie  altitude  and  azimuth  in- 
strument is  constructed  on  the  same  general  principles  as  the  ord- 
nance zenith  sector  described  by  Mr.  Airy  at  the  meeting  of  May 
13,  1842.  It  consists  of  very  few  parts,  and  these  cast,  and  there- 
fore rather  massive ;  and  so  important  has  it  been  considered  to 
unite  the  small  parts,  that  the  microscopes  are  cast  in  the  same  piece 
with  the  rest,  and  are  bored  afterwards.  The  instrument  turns  on 
pivots  above  and  below.  The  revolving  azimuthal  frame  consists 
only  of  four  casts — namely,  the  lower  end,  with  a  pivot  and  four 
microscopes  ;  the  two  sides,  of  which  one  has  four  microscopes  ;  and 
the  top,  with  its  pivot.  The  moving  vertical  circle  consists  of  two 
parts  only ;  one  having  one  pivot,  the  graduated  circle,  and  the  two 
ends  of  the  telescope,  the  other  having  the  other  pivot.  The  extreme 
firmness  which  is  required  in  the  construction  of  a  theodolite  (as  it 
may  very  properly  be  called),  which  shall  give  results  comparable  to 
those  of  the  fixed  instruments,  is  of  course  accompanied  by  consider- 
able loss  of  manual  adjustment,  and  consequent  increase  of  arithme- 
tical reduction.  Those  who  have  any  idea  of  the  very  serious  labour 
involved  in  the  contemplated  class  of  observations,  as  compared  with 
that  required  in  meridional  work,  will  feel  that  the  present  As- 
tronomer Royal  has  dictated  to  his  successors  the  motto  by  which 
Ptolemy  described  Hipparchus,  (PiXottovos  kuI  (j)i\c(\{]dr]s ;  and  they 
will  also  feel  that  he  has  adopted  it  for  his  own. 

Your  Council  cannot  but  feel  it  to  be  a  matter  of  congratulation, 
that  the  principal  public  observers  of  Great  Britain  have,  to  no  small 
extent,  begun  to  bear  in  mind  that  different  observatories,  situated 
at  no  great  distance  from  each  other,  should  aim  at  diversified  plans 
of  action  and  independent  objects  of  investigation.  While  all  have 
recorded  the  places  of  the  bodies  of  the  solar  system,  and  have  lent 
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the  assurance  of  number  of  observations,  and  consequent  power  of 
detection,  to  the  data  on  which  future  planetary  tables  will  be  con- 
structed, each  one  has  tried,  or  is  trying,  to  make  the  greatest  pro- 
gress of  some  one  branch  of  astronomy  peculiarly  its  own  work.  Thus, 
while  Greenwich  has  constantly  devoted  its  peculiar  .attention,  pur- 
suant to  the  will  of  its  founder,  to  the  moon,  the  large  equatoreal  at 
Cambridge  has  suggested  the  researches  of  the  Plumian  Professor ; 
the  RadclifFe  observer  at  Oxford  has  devoted  his  special  attention  to 
the  circumpolar  stars,  and  will  soon  be  furnished  with  a  new  mode  of 
action  by  the  possession  of  the  splendid  heliometer  which  is  in  prepa- 
ration ;  and  our  lamented  colleague  at  Edinburgh  has  left  the  materials 
for  a  catalogue  of  zodiacal  stars.  Differences  of  locality,  of  instru- 
ments, of  mode  of  government,  of  taste  and  reading  in  the  directors 
of  diflferent  observatories,  will  originate  diiferences  of  plan ;  it  may 
be  permitted  to  a  body  so  closely  connected  with  the  common  pursuit 
as  your  Council,  and  so  deeply  interested  in  the  astronomical  welfare 
of  each  and  all  of  these  institutions,  to  hope  that  these  differences  of 
plan  will  one  day  arise  out  of  a  matured  system  of  co-operation,  in 
which  foreign  observatories  will  be  combined  with  our  own.  Much 
advantage  lias  arisen  in  this  country  from  the  division  of  labour, 
which  has  thrown  the  observation  of  double  stars  and  nebulae  upon 
the  amateur  astronomer  ;  and  more  will  always  be  gained,  the  larger 
the  amount  of  strength  and  the  wider  the  range  of  researches  which 
are  thus  judiciously  subdivided. 

The  benefit  of  co-operation  has  been  lately  seen  in  the  junction 
of  the  observatories  of  Pulkowa,  Altona,  and  Greenwich,  for  the  de- 
termination of  their  differences  of  longitude.  Our  associate,  M. 
Struve,  had  connected  Pulkowa  and  Altona ;  and,  having  strongly 
represented  to  his  government  the  propriety  of  taking  Greenwich  as 
the  zero  point  for  all  longitudes,  it  was  resolved  to  connect  the  two 
last-named  observatories.  A  j)ortable  transit  was  erected  during 
the  last  summer  in  a  temjjorary  observatory  on  the  grounds  of  the 
Royal  Observatory,  and  forty-two  l)ox  chronometers  were  curried 
backwards  and  forwards  by  the  steam-boats,  eight  times  each  way. 
At  first  M.  Otto  Struve  observed  at  Greenwich,  and  M.  l^olien  at 
Altona,  for  two  voyages :  the  observers  were  then  reversed  for  four 
voyages,  and  again  resumed  their  old  stations  for  two  more  ;  by 
which  iirrangement  it  was  hoj)cd  to  eliminate  both  personal  equation 
and  its  gradual  changes.  The  clock  in  the  temporary  observatory 
was  regularly  compared  with  the  Greenwich  transit  clock,  so  that 
the  ordinary  observations  of  the  Observatory  Mill  contribute  to  the 
result :  to  this  end  all  necessary  observations  for  |)ersonal  equation 
were  mode.     The  result  is  not  yet  completely  calculated. 

While  the  ])reccding  operation  was  in  progress,  another  of  n  simi- 
lar kind  was  undertaken  by  the  Astronomer  lloyal  and  Mr.  Sheop- 
shauks,  for  the  connexion  of  Valentia  in  Ireland  (tlie  western  jioint 
of  Kurope)  ond  (ireenwich  j  to  which  wan  added,  the  incidental  dc- 
teririination  of  the  longitude  of  Liverpool  Ohservalory  and  Kingstown 
Harbour.  Valentia  is  nearly  in  the  latitude  of  Greenvvicii,  and  it 
will  prubably  be*  the  extremity  of  an  arc  of  parallel  extending  across 
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the  south  of  Russia.  Mr.  Sheepshanks  (and  afterwards  Mr.  Hind) 
was  stationed  with  a  portable  transit  instrument  at  Kingstown,  and 
thirty  jjocket  chronometers  were  carried  backwards  and  forwards, 
eight  times  each  way.     The  mode  of  carriage  was  as  follows  : — 

The  chronometers  being  in  two  well-padded  cases,  each  contain- 
ing fifteen,  these  cases  were  inserted  in  boxes  which  were  screwed  to 
the  railway  carriages  and  steam-boats  (the  owners  of  which  gave 
every  jjossible  facility)  :  these  boxes  were  not  disturbed  throughout 
the  whole  operation,  each  one  forming,  in  fact,  a  part  of  a  carriage 
or  steam-boat ;  all  had  similar  locks,  and  each  person  employed  was 
furnished  with  a  key.  An  assistant  took  the  chronometers  from 
Greenwich  to  the  Euston  Square  station;  Mr.  Hartnup  received 
them  at  Liverpool  and  transferred  them  to  the  steam-boat ;  and  Mr. 
Sheepshanks  or  Mr.  Hind  received  them  at  Kingstown.  In  a  similar 
manner,  when  a  portable  transit  was  erected  at  a  station  at  Valentia, 
under  the  charge  of  Lieut,  Gossett,  R.E.,  the  chronometers  were 
carried  backwards  and  forwards,  ten  times  each  way,  in  boxes  fixed 
upon  the  mail  coaches  as  far  as  Tralee,  and  afterwards  in  an  express 
car,  furnished  by  M.  Bianconi. 

Several  parts  of  the  disputed  boundary  between  the  United  States 
and  British  North  America  are  defined  astronomically ;  and,  to  pre- 
pare for  the  proper  execution  of  this  part,  two  oflftcers  of  engineers. 
Captain  Robinson  and  Lieutenant  Pipon,  employed  under  the  British 
Commissioner,  Lieut.- Colonel  Estcourt,  were  for  some  time  stationed 
at  the  Royal  Observatory.  There  was  one  point  which  was  not  ne- 
cessarily astronomical,  the  drawing  a  straight  line  of  between  60  and 
70  miles  to  connect  two  defined  points.  As  it  appeared  almost  im- 
possible to  effect  this  by  survey,  from  the  diflScult  character  of  the 
country,  Mr.  Airy  recommended  that  the  azimuths  at  the  two  ends 
should  be  computed  from  observed  latitudes  and  difference  of  longi- 
tudes, and  that  two  parties  should  cut  through  the  woods  in  the  as- 
signed directions,  one  from  each  terminal  station.  The  two  parties 
thus  cutting,  independently  of  each  other,  drew  lines  which  met 
•within  300  feet. 

We  have  yet  to  acknowledge  one  more  obligation  to  the  Astro- 
nomer Royal,  namely,  the  recent  publication  of  a  CattJogue  of  the 
Places  of  1439  Stars  reduced  to  the  1st  of  January  1840.  This  work 
contains  tlie  mean  ])laces  of  stars  deduced  from  all  the  observations 
made  at  Greenwich  in  the  years  1836  to  1841  inclusively.  The 
place  of  the  equinox  is  that  resulting  from  observations  during  the 
same  period.  The  year  which  corresponds  to  the  mean  of  the  ob- 
servations of  each  element  is  also  given  ;  and  the  annual  precession 
for  1S40,  with  the  proper  motion  for  those  stars  in  which  account  of 
proper  motion  has  been  taken.  This  necessary  information  with 
respect  to  the  mean  date  was  first  given,  we  believe,  in  the  Cam- 
bridge (Catalogue  ;  and  we  trust  that  every  future  catalogue  will  also 
contain  it.  It  is  otherwise  impossible  to  investigate  proper  motion, 
or  the  changes  in  proper  motion,  with  the  nicety  which  the  present 
state  of  practical  astronomy  authorises  us  to  apply  to  these  delicate 
researches.  The  nomenclature  is  taken  from  Baily's  '  Flamsteed,'  the 
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magnitudes  from  Argelander's  Uranometria ;  and  there  are  columns 
of  references  for  those  stars  which  occur  in  the  catalogues  of  Heve- 
lius,  Bradley,  Mayer,  Piazzi,  the  Astronomical  Society,  Groombridge, 
Pond,  Argelander,  Cambridge  (first),  Johnson  and  Taylor.  This 
brief  notice  needs  no  further  comment  here  ;  for  it  would  only  be  a 
waste  of  time  to  add  one  word  describing  the  excellence  of  the  in- 
struments employed,  the  finish  and  perfection  of  the  reductions,  the 
care  of  the  editor  or  the  utility  of  the  final  results.  We  congra- 
tulate all  cultivators  of  astronomy  on  this  noble  addition  to  its  Fun- 
damenta,  the  influence  of  which  will  be  instantly  felt  in  every  work- 
ing observatory,  and  directly  or  indirectly  throughout  every  depart- 
ment of  the  science. 

In  the  Cambridge  Observatory  Professor  Challis  has  confined  him- 
self in  a  great  degree,  so  far  as  the  meridian  instruments  are  con- 
cerned, to  the  planets  and  those  double  stars  which  have  been  ob- 
served with  the  Northumberland  equatoreal.  A  first  series  of  obser- 
vations of  double  stars  is  in  preparation,  and  a  Second  Cambridge 
Catalogue,  in  continuation  of  the  one  which  was  inserted  by  Mr.  Airy 
in  our  Transactions.  The  observations  of  the  various  recent  comets 
with  the  equatoreal  above-mentioned  will  be  valuable  additions  to  the 
several  yearly  volumes. 

Your  Council  have  great  satisfaction  in  directing  the  attention  of 
the  Society  to  the  Observatory  recently  established  at  Liverpool  by 
the  corporation.  In  accordance  with  the  advice  of  the  Astronomer 
Royal,  the  astronomical  portion  consists  of  a  transit-room  and  a  dome 
for  a  large  equatoreal.  An  adjoining  apartment  is  appropriated  to 
the  chronometers  which  are  brought  there  for  trial  or  rating,  and  to 
the  meteorological  instruments ;  the  rest  of  the  building  forms  a 
comfortable  house  for  the  observer.  A  transit  of  five  feet  focal  length 
and  four  inches  aperture  by  Simms,  a  sidereal  clock  and  a  mean  time 
clock  by  Molyneux,  and  a  standard  barometer  (Newman's  construc- 
tion) by  Adie  of  Liverpool,  have  been  for  some  months  in  use,  to  the 
perfect  satisfaction  of  Mr.  Hartnup,  the  director.  The  telescope  of 
the  transit  is  a  particularly  fine  one,  and  the  mounting,  which  was 
directed  by  the  Astronomer  Royal,  is  the  strongest  and  stifi^est  per- 
haps in  existence.  With  the  two  clocks  (which  arc  within  hearing 
of  each  other,  and  which  are  regularly  compared  whenever  time  is 
got  or  chronometer  errors  ascertained)  it  forms  a  perfectly  efficient 
apparatus  for  getting  and  keeping  the  time,  and  is  adequate  to  the 
most  delicate  determinations  of  right  ascension.  When  the  equato- 
real is  completed  (the  object-glass  will  have  an  aperture  of  eight 
inches,  the  mounting  is  to  be  under  Mr.  Airy's  sui)crintendence),  we 
may  expect  most  valuable  assistance  from  the  Liverpool  Observatory 
in  the  extra-meridian  brancli  of  practical  astronomy.  JJut  the  prin- 
cipal and  most  interesting  object  of  this  CHtablishment  is,  that  of 
giving  true  time  to  the  great  port  of  Liverpool ;  an  object  which  is  of 
igh  national  importance,  and  which  has  hitherto  been  almost  unac- 
countably neglected.  The  observatory  iH  achnirably  situated  for  tliis 
CiqiOMC,  on  the  brink  of  the  Mersey  at  the  entrance  to  the  Waterloo 
ock  :  the  horizon  is  good,  and  infinitely  better  than  could  have  been 
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hoped  for  in  the  heart  of  a  busy  manufacturing  town,  A  ball  similar 
to  that  at  Greenwich  is  let  fall  every  day  except  Sunday,  precisely 
at  one  p.m.  Greenwich  time,  and  the  whole  arrangement  is  so  com- 
plete, and  the  longitude  so  well  known,  that  the  dropping  of  the 
balls  at  the  two  observatories  may  be  considered  to  be  simultaneous. 
It  is  evident  that  an  observatoiy  furnishing  exact  time  will  be  of  the 
greatest  utility  to  all  makers  of  good  chronometers,  and  a  hindrance 
to  the  venders  of  those  which  are  indifferent.  The  ship-owners  may, 
too,  if  they  please,  enjoy  an  advantage  hitherto  belonging  solely  to 
the  Admiralty,  that  of  having  their  chronometers  tried  and  rated  by 
a  competent  and  disinterested  party  previous  to  purchase ;  an  advan- 
tage which  will  be  thought  almost  inappreciable  by  persons  fully 
aware  of  the  dependence  of  modern  navigation  on  the  goodness  of 
timekeepers ;  and  also,  what  indifferent  watches  are  now  disposed 
of  to  the  unwary  by  ignorant  and  unscrupulous  dealers.  Mr.  Hart- 
nup's  aid  was  most  efficient  in  the  measurement  of  the  Valeutia  arc 
of  longitude  ;  and  we  trust  that  is  only  the  first  of  many  services  to 
be  rendered  to  science  by  this  zealous  and  intelligent  observer. 

The  magnificent  telescope  erected  by  the  Earl  of  Rosse,  which 
has  attracted  so  much  of  public  attention,  is  nearly  in  working  order ; 
nothing  being  now  incomplete  except  some  of  the  gallery  machinery. 
It  may  reasonably  be  predicted  that  the  energy  which  has  called  this 
instrument  into  existence  will  not  quail  before  the  more  easy  and 
pleasant  task  of  using  it.  There  is  nothing  on  which  it  is  so  diffi- 
cult to  speculate  as  the  probable  results  of  an  increase  of  optical 
power. 

Passing  to  another  extreme,  your  Council  desire  to  notice  the  re- 
markable catalogue  published  by  our  associate,  M.  Argelander,  of 
stars  observed  with  the  naked  eye.  The  author  is  the  Bayer  of  our 
generation,  and  his  appreciation  of  magnitudes  will  probably  come 
into  universal  use.  He  has  re-opened  the  road  in  which  the  astro- 
nomer may  make  himself  useful  without  any  instruments  at  all.  His 
announcement  of  nearly  thirty  stars,  which,  though  visible  to  the 
naked  eye,  are  not  to  be  found  in  any  catalogue,  startling  as  it  may  seem 
at  first,  will  not  perhaps  surprise  those  who  remember  how  various  the 
objects  of  different  catalogues  have  been.  It  is  most  desirable  that 
these  stars  should  be  observed  with  a  view  to  the  verification  of  the 
fact.  If  only  half  the  number  of  new  visible  stars  should  be  sub- 
stantiated, it  will  be  a  useful  lesson  in  any  point  of  view.  It  is  to 
be  remembered  that  we  are  not  positively  to  assume  that  these  stars 
have  been  neglected  by  preceding  observers  :  there  is  much  reason 
to  suppose  that  such  bodies  have  before  now  disappeared.  There 
may  be  re-appearances,  and  there  may  be  new  appearances.  Variable 
stars,  with  periods  of  several  hundred  years,  or  even  less,  might 
easily  give  rise  to  what  M.  Argelander  has  observed. 

While  commemorating  the  results  of  the  past  year,  we  ought  not 
to  forget  those  who  are  working  in  distant  lands,  under  circumstances 
which  prevent  our  receiving  immediate  information  of  their  proceed- 
ings. Mr.  Maclear's  verification  of  Lacaille's  arc  at  the  Cape  of 
Good  Hope  is  an  operation  in  which  English  and  French  astrono- 
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mers  have  each  their  peculiar  interest ;  and  some  little  account  of 
this  arduous  and  toilsome  undertaking  will  doubtless  be  interesting 
to  the  Society. 

With  the  aid  of  his  assistants  and  a  military  detachment  placed 
under  his  command,  Mr.  Maclear  began,  on  the  1st  of  September, 
1840,  the  measurement  of  a  base  line,  eight  miles  in  length,  on  the 
plains  of  Zwartland.  Its  direction  is  about  west  by  south  to  east 
by  north.  The  measurement  of  the  first  1600  feet  was  repeated, 
and  the  difference  of  the  results  was  found  to  be  inappreciable, 
though  the  operation  was  rendered  most  harassing  by  the  excessive 
heat.  The  measurement  of  the  whole  line  occupied  six  months,  not 
more  than  from  500  to  750  feet  being  completed  in  one  day.  Mr. 
Maclear  thinks  that  there  is  just  ground  for  believing  that  the 
entire  base,  42,818  feet  in  length,  is  scarcely  erroneous  to  the 
amount  of  half  an  inch,  and  that  the  error  is  probably  much  less 
than  this. 

Thenceforward  the  trigonometrical  survey  continued  to  occupy  a 
large  share  of  Mr.  Maclear's  attention.  In  December  1842  he  ])ro- 
ceeded  in  H.M.S.  Arrow  to  take  the  zenith  sector  up  to  the  Oli- 
phant's  River,  which  was  then  intended  to  be  the  northern  limit  of 
the  arc,  though  it  was  afterwards  deemed  advisable  to  extend  the 
triangulation  both  north  and  south  of  Lacaille's  original  arc  ;  north- 
ward to  Lily  Fontein  on  the  Kamies  Berg,  which  has  been  accom- 
plished ;  and  southward  to  Cape  I'Agulhas,  which  is  approaching  to 
completion. 

This  labour  has  subjected  the  observers  to  the  greatest  privations, 
to  intense  heat  on  the  arid  Karroos  in  summer,  and  to  extreme  cold 
in  the  winter,  when  they  had  to  ascend  such  commanding  heights  as 
the  Cedar  Berg,  the  Snew  Cop,  the  Winter  Hock,  and  the  Worcester 
Range,  leaving  their  wagon  or  horses  far  below  them,  and  being 
consequently  reduced  to  sleep  under  the  open  sky,  amidst  snow  and 
elect,  waiting  from  day  to  day,  till  the  weather  would  admit  of  flash- 
ing their  heliotropes  towards  the  concerted  points.  Mr.  Muclear 
speaks  in  the  highest  terms  of  the  zeal  of  his  assistants  during  the 
whole  of  these  laborious  and  trying  operations. 

The  East  India  Company  has  lately  presented  the  Society  with 
two  valuable  volumes,  printed  by  the  order  of  the  Madras  govern- 
ment. The  first,  containing  the  meteorological  observations  made 
at  the  Madras  Observatory  for  twenty  years  (1822-1843),  will  find 
those  who  can  more  apjjropriately  discuss  its  merits  than  your  Coun- 
cil. The  second  touches  us  more  nearly.  It  is  a  Catalogue  of 
11,015  stars,  made  from  the  five  volumes  of  Madras  Observations, 
and  includes  all  of  the  Astronomical  Society's  Catalogue  and  of 
Piazzi'St  which  are  visible  at  Madras,  together  with  3445  southern 
stars,  selected  with  reference  to  the  Paramatta  Catidogue,  all  reduced 
to  January  1,  1835,  about  the  middle  period  of  the  observations. 
A  systematic  error  of  considerable  magnitude  in  the  divisions  of  the 
mural  circle  was  discovered  \\\  1840.  and  its  amount  ascertained  for 
each  single  diviMion  ;  and  every  place  has  been  corrected  for  tin;  error 
incident  tu  the  division  iu  which  it  was  observed,     'i'he  proper  mo- 
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lions  of  stars  which  appear  to  exceed  a  quarter  of  a  second  of  space 
have  been  tabulated.  Of  the  merits  of  this  Catalogue  it  would  be 
impossible  to  give  any  opinion  at  present ;  but  your  Council  need 
not  say  that,  from  what  is  known  of  the  zeal  and  industry  of  Mr. 
Taylor,  they  are  well  prepared  to  believe  that  it  will  soon  be  charac- 
terised as  a  valuable  addition  to  sidereal  astronomy,  and  an  indis- 
pensable aid  to  the  southern  astronomer. 

The  progress  of  Sir  John  Herschel's  reductions  of  his  southern 
observations  must  interest  the  Fellows  of  this  Society.  From  the 
state  in  which  they  now  are,  it  is  not  very  improbable  that  the  Ca- 
talogue may  appear  in  a  year  from  this  time.  'I'he  constant  atten- 
tion which  the  completion  of  this  great  undertaking  requires,  has 
prevented  Sir  John  Herschel  from  taking  that  share  in  the  business 
of  the  Society,  from  which,  previously  to  bis  departure  for  the  Cape 
of  Good  Hope,  its  affairs  derived  so  much  benefit.  The  Council  hope 
that  the  impediment  will  speedily  cease  to  exist,  not  more  for  the 
sake  of  the  Society  than  of  its  distinguished  ex-president ;  for  it 
must  be  admitted  that,  in  travelling  through  the  numerical  reduction 
of  observations,  the  astronomer  finds  very  few  of  the  flowers  with 
which  the  love  of  science  may  strew  the  more  intellectual  part  of  the 
road. 

By  the  death  of  Mr.  Baily,  the  superintendence  of  the  standard 
measure  of  length,  and  of  the  astronomical  catalogues  in  progress  at 
the  expense  of  the  government  and  of  the  British  Association,  pass 
into  other  hands.  Tlie  standard  scale  has  been  undertaken  by  Mr. 
Sheejjshanks,  who  has  obtained  from  tlie  Council  the  use  of  a  vaulted 
room  in  the  basement  story  in  which  to  make  the  comparisons. 

The  Nautical  Almanac  for  1848,  the  fifteenth  of  the  new  series, 
appeared  in  the  month  of  December  last.  For  several  years  past, 
the  advance  which  it  was  judged  necessary  to  provide,  namely,  four 
complete  years,  has  been  gained ;  and  it  must  not  be  forgotten  that, 
when  Lieut.  Stratford  was  placed  in  charge  of  this  national  work, 
there  was  hardly  a  year  in  advance.  On  looking  at  the  steady  and 
effective  manner  in  which  this  arduous  undertaking  has  been  exe- 
cuted, your  Council  feel  that  their  praise  is  needless.  With  regard, 
however,  to  the  obligations  under  which  Mr,  Stratford  has  laid  as- 
tronomers, in  matters  unconnected  with  the  immediate  routine  of  the 
ephemeris,  they  can  hardly  be  fully  appreciated,  and  certainly  not 
duly  acknowledged,  till  after  the  next  ajipearance  of  Halley's  comet. 
There  is  also  a  stability  given  to  the  ordinary  mode  of  conducting 
the  Nautical  Almanac,  by  the  formation  of  a  regular  board  of  com- 
puters ;  a  thing  which  did  not  exist  when  tlie  present  Superintend- 
ent came  into  office,  and  without  which  it  would  have  been  difficult 
to  have  fully  carried  out  the  recommendations  of  the  Nautical  Al- 
manac Committee, 

Since  the  last  anniversary  of  the  Society  three  comets  have  been 
discovered.  The  first  was  found  by  M,  Mauvais  at  the  Royal  Ob- 
servatory of  Paris  on  July  7  ;  and,  two  nights  afterwards,  it  was  de- 
tected at  Berlin.  The  elements  differ  materially  from  those  of  any 
comet  whose  orbit  baj»  been  previously  calculated. 
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The  second  comet  was  discovered  at  Rome  at  the  observatory  of 
the  CoUegio  Romano,  by  our  Associate,  Signor  Francesco  de  Vico, 
on  the  night  of  August  22.  Considerable  interest  is  attached  to  this 
comet,  its  period  of  revolution  appearing  to  be  only  five  and  a  half 
years.  At  the  latter  end  of  September  it  was  easily  seen  with  a 
small  telescope ;  but,  after  that  time,  it  became  rapidly  fainter,  and, 
during  the  first  week  in  December,  was  visible  only  with  instruments 
of  very  great  power.  Another  revolution  of  the  comet  will  be  com- 
pleted in  the  early  part  of  the  year  1850. 

A  third  comet  was  discovered  on  the  evening  of  December  28,  by 
M.  d' Arrest,  of  the  University  of  Berlin.  It  is  still  visible.  The 
elements  somewhat  resemble  those  of  the  second  comet  of  1793,  for 
which  Burckhardt  computed  an  elliptical  orbit  of  about  twelve  years' 
period;  but  the  perihelion  distance  of  the  comet  in  1793  was  1*4, 
while  that  of  the  present  comet  is  only  0*9,  a  difference  far  too  large 
to  admit  of  the  identity  of  the  two  bodies,  except  in  the  case  of  enor- 
mous perturbations. 

Your  Council  will  conclude  this  Report  with  one  remark.  It  is 
obvious,  from  what  has  been  stated,  that  this  is  a  period  of  great  ac- 
tivity, and  that  all  parts  of  practical  astronomy  are  in  full  cultiva- 
tion. It  may,  perhaps,  be  rather  a  proof  of  this  than  the  contrary, 
that  the  number  of  communications  forwarded  to  the  Society  to  be 
read  at  the  ordinary  meetings  has  materially  decreased  within  the 
last  few  years.  We  may  easily  suppose  that,  as  the  work  of  the 
Observatory  becomes  more  arduous,  its  superintendent  has  less  time 
for  the  consideration  of  points  which  are  not  immediately  connected 
with  annual  duties ;  and  it  is  certain  that  nothing  diminishes  the 
occasional  power  of  contributing  to  Transactions  in  the  private  as- 
tronomer, so  much  as  self-devotion  to  some  great  branch  of  the  sub- 
ject, pointed  out  by  personal  taste  or  strong  inducing  circumstances. 
But,  nevertheless,  it  ought  to  be  remembered  that  the  Memoirs  of 
the  Society  are  not  merely  the  depository  of  facts,  processes,  or  rea- 
sonings, which  it  is  right  to  preserve.  Though  they  may  finally  be- 
come nothing  more,  if  it  be  right  to  apply  such  words  to  so  import- 
ant a  function,  yet  it  must  be  remembered  that,  on  its  first  appear- 
ance, each  volume  is  the  impulse  and  stimulus  of  its  day,  the  sug- 
gester  as  well  as  the  receptacle  of  thought,  the  cause  of  future  as 
well  as  the  proof  of  past  progress.  The  ordinary  meetings  of  the 
Society  must  dwindle,  to  the  serious  diminution  of  its  utility,  unless 
they  be  nourished  by  communications  of  interest.  And  even  grant- 
ing that  the  magnitude  of  the  objects  on  which  astronomers  arc  en- 
gaged at  any  <me  time,  renders  it  almost  impossible  for  them  to 
supply  the  Memoirs  at  the  equable  rate  hitherto  maintained,  it  must 
not  be  forgotten  that  there  are  many  points  connected  with  the  tlie- 
ory  and  practice,  and,  above  all,  with  the  history  of  astronomy,  which 
are  constantly  arising  out  of  every  research,  directly  or  collaterally. 
Those  to  whom  such  things  present  themselves,  are  especially  rc- 
qucotcd  l)y  the  Council  to  bear  in  mind  that  any  interesting  inform- 
ation, however  inadequate  to  be  the  basis  of  a  formal  pa])er,  finds  its 
immediate  u«e  at  our  meetings,  and  its  record  in  uur  Montldy  Notices. 
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There  is  much  reason  for  regret  in  the  circumstance  that  the  scien- 
tific body  of  our  day  has  almost  entirely  lost  the  character  of  the  col- 
lector of  suggestions  worthy  of  consideration,  hints  of  useful  ten- 
dency, and  valuable  but  isolated  information.  If  the  minutes  of 
the  Royal  Society  in  the  time  which  preceded  the  publication  of  the 
Principia  should  now  and  then  excite  a  smile,  it  will  be  checked  by 
the  obvious  consideration  that  we  owe  much  of  what  has  been  since 
done  to  the  currency  which  the  disposition  to  communicate,  and  the 
facilities  for  doing  it,  afforded  to  mere  suggestions.  Much  might, 
perhaps,  be  done  by  encouraging  the  slighter  and  less  elaborate  form 
of  communication,  which  it  is  one  object  of  the  Monthly  Notices  to 
jDcrpetuate ;  and  your  Council  hope  that  those  Fellows  who  have 
shown  themselves  capable  of  greater  things,  will  not  forget  that  the 
small  matter  which,  thinking  only  of  themselves,  they  might  be  in- 
clined to  throw  on  one  side,  may  possibly  meet  the  difficulty,  or  ad- 
vance the  object,  of  some  other  member  of  the  Society.  At  the 
least,  it  will  add  attraction  to  the  proceedings  of  the  ordinary  meet- 
ing, which  it  is  so  important  to  the  welfare  of  the  Society,  and, 
through  it,  of  astronomy,  to  render  both  instructive  and  interesting. 


XXIV.  Intelligence  and  Miscellaneous  Articles. 

RESEARCHES  ON  SHOOTING  STARS.     BY  M.  COULVIER-GRAVIER. 

UP  to  the  present  time,  says  the  author  of  this  memoir,  shooting 
stars  have  not  beentheobject  of  observations  regularly  followed 
up  and  prolonged  for  a  sufficient  time,  to  enable  us  to  arrive  at  any 
general  law.  In  truth,  it  has  been  imagined  that  determinate  periods 
were  observable  when  these  meteors  showed  themselves  infinitely 
more  numerous  than  at  ordinary  times ;  but  the  periodical  returns 
to  which  it  has  been  thought  they  might  be  subjected,  begin  to  ap- 
pear problematical,  and  perhaps  they  would  never  have  been  admitted 
if  the  investigation  had  been  commenced  by  seeking  to  ascertain  the 
appearances  for  each  night  of  the  year.  Such  a  task,  indeed,  would 
have  been  very  arduous,  and  it  is  this  doubtless  that  has  discouraged 
observers.  For  my  own  part,  having  been  engaged  since  1829  in 
this  class  of  researches,  to  which  I  first  devoted  my  attention  with  a 
particular  object,  I  have  since  pursued  them  for  their  own  sake,  and 
from  the  year  1841  I  have  kept  regular  registers  of  my  observations. 
I  have  found  it  desirable,  for  this  purpose,  to  take  an  associate  in 
my  labours,  M.  Chartiaux,  who  observes  one  half  of  the  heaven 
while  I  am  employed  on  the  other.  I  myself  note  down  each  ap- 
pearance, both  those  which  my  assistant  announces  aloud  and  those 
which  I  myself  see.  In  this  manner  it  is  impossible  to  take  one  ob- 
servation twice  over,  which  is  otherwise  almost  inevitable  when  se- 
veral persons  being  engaged  in  observing  at  the  same  time,  each 
notes  down  what  he  perceives  in  the  portion  of  the  heaven  which  is 
assigned  to  him.  I  may  perhaps  explain  thus  the  very  extraordinary 
numbers  noted  by  four  persons  who  made  observations  simultane- 
ously on  the  same  spot. 
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Observers  have  generally  chosen  their  time  for  making  these  re- 
searches. For  our  part,  a  clouded  sky  alone  interrupts  our  observa- 
tions, to  which  we  return,  at  any  hour  in  the  night,  as  soon  as  the 
Btate  of  the  sky  permits.  My  registers  give  the  following  results: 
from  the  month  of  July  1841  to  the  month  of  February  1845,  5302 
shooting  stars  observed  in  1054  hours.  I  have  grouped,  in  the  differ- 
ent tables  contained  in  my  memoir,  these  observations  in  such  a 
manner  as  to  be  able  to  deduce  from  them  results  relatively  to  the 
greater  or  less  frequency  of  these  meteors,  according  to  the  hours, 
months  and  years.  It  will  be  conceived  that,  on  this  latter  point,  I 
do  not  yet  pretend  to  draw  any  conclusions  from  observations  which 
do  not  extend  in  a  regular  manner  over  more  than  four  years ;  but 
as  to  the  horary  and  mensual  variations,  I  think  that  I  have  already 
arrived  at  two  general  laws.  Thus,  in  each  month  comprised  be- 
tween the  winter  and  summer  solstices,  the  mean  number  of  falling 
stars,  for  one  hour,  is  very  sensibly  the  same  ;  and  this  is  also  the 
case  during  the  six  other  months  ;  with  this  difference,  however,  that 
for  the  latter,  the  mean  is  nearly  double  what  it  is  for  the  others,  and 
the  change  takes  place,  so  to  speak,  without  transition.  With  re- 
gard to  the  horary  variations,  on  the  contrary,  there  is  a  gradual 
change,  and  from  six  o'clock  in  the  evening,  which  is  the  hour  of 
the  minimum,  the  number  of  the  appearances  goes  on  increasing 
continually  up  to  six  in  the  morning,  which  is  the  moment  of  the 
maximum. 

In  the  second  part  the  author  treats  of  the  directions  of  shooting 
stars.  The  following  is  the  distribution  of  1000  of  these  meteors 
relatively  to  the  sixteen  angular  spaces  into  which  he  divides  the 
horizon,  proceeding  in  the  direction  north,  east,  south,  west : — 74, 
90.  82,  91,  114,  8C,  70,  79,  63,  34,  ?.9.  28,  33,  28,  35,  64;  which 
shows  that  many  more  stars  come  from  the  east  than  from  the  west, 
and  nearly  as  many  from  the  north  as  from  the  south. 

The  author  thinks  that  the  difference  between  the  number  of  stars 
observed  in  the  two  directions,  east  and  west,  is  attributable  to  the 
twofold  motion  of  the  earth. 

There  are  mensual  variations  which  it  is  difficult  to  determine. 
In  winter,  the  influence  of  the  south  is  the  greatest  possible ;  in 
summer  the  influence  of  the  north  is  very  perceptible.  With  regard 
to  the  influence  of  the  cast,  it  is  the  weakest  in  summer,  and  the 
strongest  in  spring  and  in  autumn. 

The  horary  variations  are  more  marked.  Those  from  the  north 
are  most  numerous  towards  midnight,  and  least  so  in  the  morning. 
With  respect  to  the  east,  there  are  most  in  the  morning  and  fewest 
in  the  evening.  From  the  south  there  arc  often  the  most  in  the 
morning ;  lastly,  from  the  west  there  are  most  in  tlic  evening. 

In  the  third  part  of  his  memoir,  the  author  treats  first  of  the 
magnitude  of  shooting  stars;  he  gives  the  name  globe  Jilant  to  every 
meteor  which  presents  a  sensible  disc,  and  reserves  the  name  of  shoot- 
ing Itars  for  the  meteors  which  have  an  appearance  analogous  to 
that  of  the  fixed  stars  and  the  ])lanets.  He  calls  them  of  the  first 
magnitude  when  they  aj)pear  eciual  to  Venus  or  Jupiter;  of  the 
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second  magnitude  when  they  resemble  fixed  stars  of  the  first  magni- 
tude ;  and  thus  with  the  rest.  Among  5302  meteors,  the  author 
counted  eight  shooting  globes  and  eighty  shooting  stars  of  the  first 
magnitude ;  whence  it  follows  that,  if  no  obstacle  i)revented,  an  ob- 
server would  see  one  shooting  globe  a  week,  and  one  falling  star  of 
the  first  magnitude  each  night  of  eleven  hours. 

In  general  the  falling  stars  have  the  same  tint  as  the  fixed  stars. 
Sometimes  this  colour  passes  into  yellow,  then  into  a  bluish  or  a 
greenish  tint,  in  proportion  as  the  meteor  approaches  the  horizon. 

Among  all  these  meteors  there  are  some  red  ones,  which  travel 
slowly,  and  have  a  globular  form,  like  a  billiard-ball  coloured  red. 
The  author  thinks  that  these  are  of  a  particular  character.  Lastly, 
he  distinguishes  others  which  are  extinguished  at  their  highest  point 
of  brilliancy,  as  if  they  were  plunged  into  water. 

With  respect  to  the  trains  which  some  stars  leave  behind  them, 
these  cannot  be  compared  to  smoke,  but  rather  to  a  shower  of  sparks 
like  that  of  rockets.  The  train  begins  and  ends  always  with  the  star 
producing  it,  but  it  continues  one  or  two  seconds  after  the  disappear- 
ance of  that  star.  Sometimes  the  star  breaks  up  into  fragment*, 
which  form  a  continuation  of  the  train,  and  which  vanish  almost  as 
soon.  No  star  has  ever  caused  any  audible  noise,  whether  remain- 
ing simple,  or  producing  a  train,  or  separating  into  fragments. 

In  general  the  course  of  shooting  stars  is  rectilinear,  or  rather  in 
an  arc  of  a  large  circle.  The  author  has  seen  fifteen  whose  course 
was  curvilinear. 

At  the  conclusion  of  his  investigation  the  author  has  given  a  ca- 
talogue of  the  most  remarkable  shooting  stars,  with  the  indication  of 
the  characters  which  they  have  presented.  Before  proceeding  to  the 
theoretical  part  of  the  subject  he  announces  some  historical  researches 
relative  to  it. — Comptes  Rendus,  May  5th  and  June  2nd,  1845. 

ON    THE    SUPPOSED    OCCURRENCE    OF    PHOSPHORIC    ACID    IN 
ROCKS  OF  IGNEOUS  ORIGIN.       BY  PROF.  C.  KERSTEN. 

In  the  '  Philosophical  Magazine,'  vol.  xxiv.  p.  '^67,  is  an  abstract 
of  a  paper  by  Dr.  Fownes,  on  the  occurrence  of  phosphoric  acid  in 
rocks  of  igneous  origin.  Dr.  Fownes  asserts  that  he  found  small 
quantities  of  pliosphorie  acid  in  combination  with  alumina,  &c.  in  all 
these  rocks,  and  supposes  that  it  is  probably  to  this  presence  of  phos- 
phoric acid  that  many  soils  which  have  originated  by  the  decom- 
position of  those  rocks  owe  their  fertility.  He  found  phosphoric 
acid  in  a  porcelain  clay  from  Dartmoor,  in  the  gray  vesicular  lava 
from  the  Rhine,  and  in  the  white  trachyte  from  the  Drachenfels  on 
the  Rhine,  in  tolerable  quantity  in  the  two  latter  rocks ;  further,  in 
several  basalts,  in  porphyritic  lava  inclosing  crystals  of  hornblende 
from  Vesuvius,  and  in  volcanic  tufa  from  the  same  locality  in  consi- 
derable quantity.  As  these  observations  of  Dr.  Fownes  appeared  of 
some  importance  in  a  geognostical  and  agricultural  point  of  view, 
and,  as  far  as  I  am  aware,  no  phosphoric  acid  had  hitherto  been  de- 
tected in  the  above-mentioned  rocks,  I  was  induced  to  repeat  Dr, 
Fovvnes's  experiments. 
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The  following  rocks  were  examined  for  phosphoric  acid: — 1st, 
porcelain  earth  from  Aue  in  Saxony ;  2nd,  porcelain  earth  from 
Bayonne ;  3rd,  gray  vesicular  lava  from  Niedermennig  on  the 
Rhine ;  -ith,  white  trachyte  from  the  Drachenfels ;  5th,  basalt  from 
the  Meissner  in  Hessia ;  6th,  Trass  from  Vesuvius, 

The  following  was  the  mode  of  examination: — The  finely-pul- 
verized rocks  were  fused  with  4  times  the  quantity  of  chemically- 
pure  soda,  the  fused  masses  digested  in  water,  and  the  liquids  filtered 
from  the  insoluble  residues  neutralized  with  nitric  acid.  These  neu- 
tralized liquids  were  now  evaporated  to  dryness,  and  after  treatment 
with  water  and  separation  of  the  silicic  acid,  tested  with  nitrate  of 
silver  and  the  other  known  reagents  for  phosphoric  acid. 

In  all  the  above  rocks,  however,  not  the  least  trace  of  phosphoric 
acid  could  be  detected  ;  consequently  the  above-mentioned  observa- 
tions of  Dr.  Fownes  are  founded  on  some  error*.  In  the  gray  vesi- 
cular lava  from  Niedermennig  there  was  found  a  quantity  of  c/tfo- 
Hne ;  and  on  boiHng  it  in  the  pulverized  state  with  water  and  eva- 
porating the  liquid,  small  quantities  of  chloride  of  sodium  were  ob- 
tained ;  at  the  same  time  with  this  a  brown  organic  substance  was  ex- 
tracted, which  coloured  the  water  brownish  on  evaporation  and  was 
carbonified  on  ignition. — Joum.fUr  Prdkt.  Chem.^  March  31, 184-5. 

EXAMINATION  OF  SOME  NATIVE   AND    ARTIFICIAL   COMPOUNDS 
OF  PHOSPHORIC  ACID.       BY  C.  RAMMELSBERG. 

Wagnerite  (Pleuroklase). 

We  are  indebted  for  the  only  analysis  of  this  exceedingly  rare  mine- 
ral to  Fuchs,  who  obtained  in  the  year  1821  the  following  results : 
phosphoric  acid  41  "73  per  cent.,  magnesia  46' 66,  peroxide  of  iron  5*0, 
peroxide  of  manganese  0"5,  hydrofluoric  acid  6'5.  Fuchs  decomposed 
the  mineral  with  sulphuric  acid,  and  separated  the  sulphate  from  the 
phosphate  of  magnesia  by  water.  The  phosphate  of  magnesia  was 
decomposed  by  boiling  it  with  a  solution  of  potash.  The  phosphoric 
acid  and  fluorine  were  not  directly  estimated.  If  his  method  of 
analysis  be  minutely  examined,  the  results  are  seen  to  be  only  ap- 
proximative, and  a  repetition  of  the  analysis  would  be  very  desir- 
able. In  the  specimens  selected  by  the  author  for  analysis,  there  were 
large,  opake,  reddish,  and  small  transparent,  wine-yellow  crystals 
of  wagnerite,  imbedded  in  a  green  aluminous  mass  and  accompanied 
with  quartz,  calcareous  spar  and  bitter  spar.  Its  specific  gravity, 
according  to  Fuchs,  is  3"  13.  The  author  found  it  3*068  at  a  tempe- 
rature of  57°  F.  in  the  transparent  parts,  and  2*985  in  the  ojjakc 
portions. 

Three  analyses  were  made  by  methods  differing  as  widely  as  pos- 
sible. 

1 .  The  substance  reduced  to  a  fine  powder  was  treated  with  sul- 
phuric acid  in  a  platinum  crucible.  This,  even  in  the  cold,  caused 
the  evolution  of  fumes  of  fluoride  of  silicium  from  the  admixture  of 

•  The  ohncrvations  of  Dr.  Fownes  have,  however,  been  fully  confirnied 
by  W.  Sullivnii,  Km|.,  ns  will  appear  from  a  communication  to  bo  iniicrted 
in  our  next. — En.  Phil.  Mao. 
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silicic  acid  (quartz).  The  mixture  was  heated  until  the  whole  of 
the  fluorine  and  the  greater  part  of  the  sulphuric  acid  were  expelled  : 
it  was  then  moistened  with  water,  next  mixed  with  four  parts  of  car- 
bonate  of  soda,  evaporated,  and  finally  heated  to  redness  for  half  an 
hour.  The  perfectly  fused  mass  was  exhausted  with  water,  and  after 
repeatedly  evaporating  the  alkaline  solution,  each  time  adding  car- 
bonate of  ammonia  and  redissolving,  the  phosphoric  acid  was  preci- 
pitated by  chloride  of  calcium.  The  exhausted  residue,  after  solu- 
tion in  muriatic  acid,  yielded,  on  the  addition  of  ammonia,  a  preci- 
pitate of  oxide  of  iron,  with  a  small  quantity  of  alumina  and  mag- 
nesia, and  some  phosphoric  acid ;  it  was  therefore  again  fused  with 
carbonate  of  soda.  The  separation  of  the  bases,  and  also  the  sepa- 
ration of  the  lime  and  magnesia  from  the  ammoniacal  liquid,  was  ac- 
complished by  the  ordinary  methods, 

2.  The  mass  treated  with  sulphuric  acid  as  above  was  finally  re- 
tained at  a  temperature  below  that  of  redness,  until  fumes  of  sul- 
phuric acid  ceased  to  escape,  and  was  then  exhausted  with  water. 
According  to  the  statement  of  Fuchs,  sulphate  of  magnesia  (with  per- 
oxide of  iron)  only  should  have  been  thus  dissolved  ;  and  by  ascertain- 
ing the  amount  of  sulphuric  acid  we  might  expect  to  obtain  the  equi- 
valent amount  of  fluorine.  But  this- cannot  be  accomplished,  partly 
because  the  mineral  always  contains  a  little  silicic  acid  which  escapes 
in  the  form  of  fluoride  of  silicium,  and  partly  because  the  water  re- 
moves phosphate  of  alumina  as  well  as  the  sulphate.  The  portion 
insoluble  in  water  is  likewise  decomposed  in  this  case  by  heating  it 
to  redness  with  carbonate  of  soda,  although  by  so  doing  the  whole  of 
the  phosphoric  acid  cannot  be  removed,  and  the  precipitate  obtained 
on  the  addition  of  ammonia  must  be  digested  and  boiled  with  solu- 
tion of  potash  for  a  considerable  time. 

3.  The  more  transparent  parts  of  the  mineral,  being  the  most  re- 
cent and  the  purest,  were  decomposed  by  a  mixture  of  an  equal  weight 
of  hydrate  of  potash  and  three  times  their  weight  of  carbonate  of 
soda.  The  perfectly  fused  mass  when  treated  with  water  yielded  an 
alkaline  solution,  containing  phosphoric  acid  and  fluorine,  and  an 
insoluble  residue,  consisting  of  magnesia  and  the  other  bases,  a.  The 
liquid  was  evaporated  to  dryness  in  a  water-bath  in  a  platinum  cap- 
sule, treated  with  water,  separated  by  filtration  from  a  small  residue 
of  phosphate  of  magnesia,  hydrochloric  acid  then  added  so  as  to  pro- 
duce a  slightly  acid  reaction,  the  carbonic  acid  expelled  by  a  very 
gentle  heat,  and  then  precipitated  by  ammonia  and  chloride  of  cal- 
cium in  a  closed  vessel.  The  precipitate,  consisting  of  phosphate  of 
lime  and  fluoride  of  calcium,  was  decomposed  by  sulphuric  acid  and 
alcohol,  and  thus  the  lime  was  estimated ;  the  alcoholic  liquid  was 
slightly  evaporated,  then  mixed  with  ammonia  and  chloride  of  cal- 
cium, and  the  quantity  of  phosphoric  acid  in  the  phosphate  of  lime 
ascertained  by  decomposing  it  with  sulphuric  acid.  b.  The  residue 
of  the  exhaustion  of  the  fused  mass,  when  acted  upon  by  hydrochloric 
acid,  left  a  residue  consisting  of  silicic  acid.  The  precipitate  thrown 
down  from  this  solution  by  ammonia  also  contained  some  phosphoric 
acid,  it  was  therefore  again  heated  with  carbonate  of  soda.     It  con- 
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tained  moreover  peroxide  of  iron,  lime  and  magnesia ;  a  portion  of 
the  two  latter  still  remained  to  be  estimated  in  the  ammoniacal  filtered 
liquor.  The  three  above  analyses,  the  third  of  which  yielded  the 
best  results,  afforded  the  following  proportions  : — 

I.  11.  iir. 

Silicic  acid  2*  68 

Phosphoric  acid 41-69  40-23  39-56 

Magnesia     42-04  38-49  45-07 

Lime    165  440  2-32 

Protoxide  of  iron    ..      2-72  331  4*47 

Alumina  .....*....      0-55  0*96 

Fluorine 9-12 

103-22 
The  silicic  acid  is  merely  mixed  with  the  wagnerite  in  the  form  of 
quartz,  it  must  therefore  be  deducted.  The  same  holds  good  with 
the  alumina  and  small  quantities  of  the  remaining  bases,  which  are 
combined  with  carbonic  acid,  forming  calcareous  and  bitter  spar,  and 
cannot  be  completely  removed  in  selecting  the  fragments.  Their 
amount  is  however  very  inconsiderable.  If  we  deduct  the  2-68  per 
cent,  of  silica  there  remain  40*61  i)cr  cent,  phosphoric  acid,  46-27 
magnesia,  4-59  protoxide  of  iron,  2-38  lime,  9-36  fluorine;  results 
which  do  not  differ  to  any  extent  from  those  of  Fuchs  except  in  the 
proportion  of  fluorine.  If  we  calculate  from  the  third  analysis,  we 
find  that  the  quantities  of  protoxide  of  iron  and  lime,  which  nearly 
replace  one  part  of  magnesia,  amount  to  one  equivalent  for  4-43  of 
the  latter.  Now  9-36  fluorine  to  form  MgFl  require  634  Mg=  10*34 
magnesia ;  consequently  40- 36  per  cent,  of  magnesia  remain  to  com- 
bine with  the  40-61  per  cent,  phosphoric  acid.  But  as  the  above  ex- 
periment could  hardly  yield  the  entire  amount  of  phosphoric  acid  and 
of  fluorine,  we  have  no  hesitation  in  regarding  the  magnesian  phos- 
phate as  3MgO,  PoO;,,  assigning  to  wagnerite  the  formula  Mg  Fl 
-f  3MgO,  P^jO,,.  This  formula  requires  43-32  per  cent,  of  phos- 
phoric acid  and  11-35  per  cent,  of  fluorine,  whilst  the  formula 
MgFl  -\-  4MgO,P^O,,  requires  only  38-5  phosphoric  acid,  thus  less 
than  the  experiment  yields,  and  56-73  magnesia ;  it  is  therefore  in- 
correct. 

In  the  specimens  of  the  wagnerite  selected  for  analysis,  there  were 
reddish,  dull,  and  soft  portions,  the  examination  of  which  showed 
that  they  were  probably  decomposed  wagnerite  ;  they  consisted  i)rin- 
cipully  of  silicic  acid.  On  analysis  they  yielded  93-81  per  cent,  silicic 
acid,  1*87  phosphoric  acid,  1*41  alumina  and  peroxide  of  iron,  2*58 
lime,  and  1*49  magnesia. — Poggnidorff's  Ann.  Ixiv.  p.  251. 
[To  be  contiimcd.] 


ON    THE    STRUCTURE    AND    RELATIONS    OF    CORNULITES    AND 
OTHER  SILURIAN  FOSSILS.       DY  MR.  J.  W.  SALTER. 

'IT.e  Hiiigular  fossil  named  Cornulitps  si-rpuhiriun  is  well  known  as 
eharactcTi«tic  of  the  Silurian  rocks  of  (jothinnd.  Hrituin  and  North 
America,  and  its  affinitiee  have  l)een  thu  subject  of  much  conjecture. 
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Mr.  Salter's  investigations  proved  that  it  differed  essentially  from  any 
crinoidal  animal  or  corals  and  was  most  probably  an  ancient  form  of 
the  SerpuUnee.  From  a  similarity  of  structure  in  the  Tentaculites, 
another  abundant  fossil  of  the  Silurian  rocks,  Mr.  Salter  is  disposed 
to  refer  it  to  the  same  group  with  Cornulites. — Froc.  Brit.  Assoc. 
Cambridge,  June  19. 


ERUPTION  OF  VESUVIUS. 

Letters  from  Naples  announce,  that  the  expected  eruption  of 
Mount  Vesuvius  has  commenced.  At  their  date,  the  volcano  had 
been  for  several  days  throwing  up  flames  and  stones,  by  the  mouth 
of  the  cone  formed  some  months  ago  in  the  midst  of  the  crater ;  and 
the  burning  lava  had  opened  a  wide  passage  below,  and  was  flowing 
down  the  side  of  the  mountain. 


METEOROLOaiCAL  OBSERVATIONS  FOR  JUNE  1845. 

C/iiswick. — June  1.  Overcast  and  fine.  2.  Very  fine:  sultry.  3.  Sultry:  rain 
at  night.  4.  Showery.  5.  Slight  rain  :  cloudy :  boisterous  at  night.  C.  Cloudy 
and  windy.  7.  Very  fine  :  showery,  and  boisterous  at  night.  8.  Boisterous : 
clear  and  fine.  9.  Very  fine.  10 — 1 2.  Very  fine :  sultry :  clear  and  fine  at  nights. 
13.  Foggy:  sultry,  14,15.  Very  hot  and  sultry.  16.  Overcast.  17.  Sultry. 
18.  Rain:  clear  at  night.  19.  Hazy:  very  fine.  20.  Cloudless:  very  fine. 
21 — 23.  Very  fine.  24.  Uniformly  overcast :  heavy  rain  :  clear.  25.  Cold  and 
dry  :  cloudy  :  rain.  26.  Cloudy  :  fine.  27.  Rain.  28.  Overcast :  heavy  showers  : 
clear.  29.  Very  fine.  30.  Slight  rain  :  very  fine. — Mean  temperature  of  the 
month  1 2°  above  the  average. 

Boston, — June  1.  Rain:  rain  early  a.at.  :  rain  a.m.  2.  Fine.  3.  Fine: 
2  o'clock  P.M.  thermometer  72° :  rain  p.m.  4.  Fine:  thunder  and  lightning,  with 
rain  P.M.  5.  Cloudy:  rain  early  a.m.  6.  Windy.  7.  Fine  :  rain  p.m.  8.  Cloudy. 
9.  Fine.  10.  Fine:  3  o'clock  p.m.  thermometer  74°.  11.  Fine:  1  o'clock  p.m. 
thermometer  75°.       12.   Fine:   4  o'clock  p.m.   thermometer   76°.        IS.    Fine: 

I  o'clock  P.M.  thermometer  78°.  14.  Fine  :  12  o'clock  noon  thermometer  78°. 
15.  Cloudy,  16.  Cloudy  :  1  o'clock  p.m.  tht-rmometer  78".  17.  Fine.  18.  Cloudy: 
rain  early  a.m.  :  rain  a,m.  and  p.m.  19.  Fine.  20.  Cloudy.  21.  Fine.  22. 
Cloudy.  23.  Fine.  24.  Fine:  rain,  with  thunder  and  lightning  p.m.  25.  Cloudy, 
26.  Fine.  27.  Cloudy:  rain  a.m.  and  p.m.  28.  Cloudy  :  rain  a.m.  :  thunder 
and  liglitning  1  p.m.  29,  FMne.  30.  Fine  :  rain  early  a.ji.  —  N.B.  The  warmest 
June  since  June  1826. 

Saiulwick  Manse,  Orkney. — June  1.  Cloudy.  2.  Cloudy  :  clear.  3.  Bright : 
cloudy.  4.  Showers.  5.  Bright:  showers.  6,  Bright:  drops.  7.  Cl«ar: 
fine.  8,  Drops:  rain:  clear,  9.  Drops;  clondy.  10.  Bright:  datnp.  11, 
12.  Bright  :  cloudy.  13.  Bright:  cleiir.  14.  Damp:  cloudy  :  fine,  15.  Cloudy: 
rain.  16.  Fog.  17.  Bright :  damp.  18,  Rain  :  damp.  19.  Bright :  clear. 
20.  Bright:  damp,  21.  Cloudy.  22.  Showers  :  clouiiy.  23.  Bright :  cloudy, 
£4.  Damp  ;  fine.    25.  Bright :  showers  :  cloudy.    26.  R;iin  :  damp,    27.  Showers. 

28.  Cloudy:  showers.     29.   Showers :  clear.     SO.   Cloudy  :  clear. 
ylpplegartk  Manse,  Dumfries ■tliire.—  June  1.   Fine  soft  rain,      2,  Very   fine: 

fair.  3.  Fine  rain.  4.  Showers  all  day.  5.  Rain  continued.  6.  llain.  7.  Soft 
showers.      8.   Heavy  rain  a.m.  :   fair  p.m.      9.   Showers.     10.   Fair  and  growing, 

II  — 14.  Very  fine  summer  day.  15.  Very  fine  summer  day:  thundtir  :  a  few 
drops  of  rain.  16.  Showery  all  day.  17.  Slight  showers.  18.  Slight  showers 
P.M.  19,20.  Fair  and  fine.  21.  Fair  and  fine  :  a  few  drops  :  rain.  22.  Fair 
and  fine  :  very  dry.  23.  Fine  :  one  slight  shower,  24.  Rain,  very  heavy.  25. 
Showers,     26.   Fair  and  fine.       27.   Rain  :  wind  :  thunder.      28.   Fair  «nd  clear. 

29,  Fair  a.m.  :  shower  p.ji.     30.   Showers. 

Mean  temperature  of  the  month .,..,....  56°'55 

Mean  temperature  of  June  1844      55  '10 
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XXV.  On  the  Presence  of  Phosphoric  Acid  in  Rocks  and  Mi- 
nerals.    Bj/  William  Sullivan,  Esq.* 

1  N  a  recent  paper  in  the  Philosophical  Transactions,  Dr. 
*  Fownes  showed  the  presence  of  phosphoric  acid  in  several 
igneous  rocks,  and  having  made  some  investigations  on  the 
same  point,  I  may  perhaps  be  allowed  to  state  them  here. 
About  two  years  ago,  Prof.  Liebig  mentioned  to  me  the  im- 
portance of  examining  different  rocks  in  order  to  ascertain,  if 
possible,  the  presence  of  phosphoric  acid  in  them,  as  he  con- 
sidered very  naturally  that  it  must  be  universally  present  in 
all  soils  and  in  the  rocks  from  which  they  are  derived,  as  we 
invariably  find  it  in  the  ashes  of  plants.  In  the  winter  of 
1843-44,  I  made  a  number  of  analyses  in  order  to  see  how 
far  this  idea  could  be  borne  out,  and  also  to  show  that  impure 
limestones  were  better  adapted  for  agricultural  purposes  than 
those  usually  preferred.  To  these  analyses  I  have  since  con- 
siderably added ;  but  the  only  publicity  I  gave  the  matter  up 
to  the  present  time,  was  a  short  notice  which  was  published  in 
a  Cork  newspaper  about  a  year  and  a  half  ago,  intended  prin- 
cipally for  the  information  of  the  agriculturists  of  that  lo- 
cality. 

The  ordinary  method  employed  for  the  detection  of  phos- 
phoric acid  I  found  not  to  answer  where  the  quantity  of  that 
substance  is  very  minute ;  and  besides,  it  is  likely  to  give  er- 
roneous results  where  large  quantities  of  iron,  alumina  and 
lime  are  present :  indeed,  it  is  chiefly  owing  to  phosphoric  acid 
being  thrown  down  along  with  these  bases  in  the  analyses  of 
minerals  containing  this  acid  only  in  minute  quantities,  that 
its  presence  in  most  substances  of  mineral  origin  has  hitherto 
escaped  detection. 

The  mode  which  I  adopted  is  capable  of  giving  the  most 
*  Communicated  by  the  Author. 
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accurate  results, — in  fact  the  most  minute  quantities  possible 
may  be  detected  with  certainty.  The  following  is  the  me- 
thod :— 

When  the  mineral  was  limestone,  or  a  substance  containing 
a  large  quantity  of  lime,  I  took  about  four  ounces  of  it  broken 
into  fragments,  introduced  it  into  a  covered  crucible  and  ex- 
posed it  for  three  or  four  hours  to  a  strong  white  heat;  the 
mass  thus  treated  was  then  digested  in  water,  when  I  suspected 
the  substance  contained  potash  or  soda,  in  order  to  dissolve 
out  these  bodies,  and  strong  hydrochloric  acid  poured  on  the 
remainder  (if  I  did  not  wish  to  examine  for  potash,  the  ig- 
nited mass  was  directly  treated  with  the  hydrochloric  acid); 
the  whole  was  then  evaporated  to  drjmess,  the  dried  mass 
moistened  wiih  a  few  drops  of  hydrochloric  acid,  and  then 
treated  with  water  and  filtered  to  separate  undissolved  silica; 
ammonia  was  then  added  to  the  solution,  the  precipitate  col- 
lected, well-washed  and  dissolved  in  hydrochloric  acid;  if  the 
mineral  contained  no  iron,  or  but  little  of  that  substance,  a 
few  drops  of  perchloride  of  iron  were  added  to  the  solution 
and  then  excess  of  acetate  of  potash ;  if  phosphoric  acid  was 
present  in  the  most  minute  quantity,  a  precipitate,  at  first  hght 
brown,  but  gradually  darkening  as  it  falls  to  the  bottom  of  the 
glass,  of  phosphate  iron,  was  obtained,  as  this  substance  is  to- 
tally insoluble  in  acetate  of  potash.  If  the  precipitate  do  not 
immediately  make  its  appearance,  it  should  be  allowed  to 
stand  for  some  time,  when  it  will  be  perceptible.  It  some- 
times happens,  when  the  quantity  of  the  phosphoric  acid  is 
extremely  minute,  that  it  does  not  deposit  itself  for  twelve 
hours;  and  in  one  or  two  instances  it  did  not  occur  until  after 
twenty-four  hours.  When  the  precipitate  obtained  was  large, 
which  was  usually  the  case  from  the  large  quantity  of  the  sub- 
stance employed  in  the  analyses,  I  invariably  verified  the  re- 
sult by  re-dissolving  the  precipitate  thus  obtained  and  testing 
with  sulphate  of  magnesia  and  ammonia  and  nitrate  of  silver, 
which  always  aflbrded  well-known  results  where  phosphoric 
acid  was  present. 

The  substances  which  did  not  contain  lime  enough  to  be 
treated  in  the  preceding  manner  were  reduced  to  powder  and 
fused  with  a  mixture  of  carbonates  of  potash  and  soda,  or 
where  it  was  of  importance  to  ascertain  the  presence  of  potash, 
with  caustic  barytes,  and  I  then  proceeded  as  in  the  other  case. 

It  may  not  be  unimportant  to  mention  here,  that  j)otash,  or 
rather  potash  and  soda,  appear  to  be  as  universally  present  as 
phosphoric  acid:  indeed,  in  none  ol'the  minerals  which  1  ex- 
amined was  it  totally  wanting,  though  there  was  frequently  but 
a  mere  trace. 
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The  following  is  a  list  of  the  minerals  which  I  examined  for 
phosphoric  acid.  I  have  also  noticed  those  in  which  potash 
and  soda  occur,  that  is,  those  rocks  in  which  these  substances 
had  not  hitherto  been  noticed. 


Minerals. 
Nine  varieties  of  carlo 
niferous  limestone  from 
the  neighbourhood    of 
Cork. 


Muschelkalk  and  dolomite 
from  the  same  forma 
tion,  from  near  Fulda  in 
Hesse-Casel. 

Roofing-slate     used     at 
Giessen. 


Flags  used  in  the  west  of 
Ireland,  supposed  to  be 
millstone  grit. 

Slate  from  Corrigaline, 
near  Cork, 


Old  red  sandstone,  Cork. 


Phosphoric  acid. 

[n  all  I  could  detect  its 
presence,  and  in  one  it 
occurred    in    sufficient 
quantity   to   be    deter 
mined. 


Present,  but  apparently 
more  abundant,  in  the 
dolomite. 

Considerable  precipitate, 
but  wavellite  is  found  in 
some  localities  in  the 
same  rock. 

Traces,  but  very  minute. 


Precipitate  large  enough 
to  examine  quantita- 
tively. [This  is  the  best 
locality  known,  I  be- 
lieve, for  wavellite.] 

Trace  in  one  specimen, 
but  a  decided  precipi- 
tate was  obtained  from 
three  ounces  of  another. 


Alkalies. 

Potash  was  found  present 
in  all,  but  in  such  small 
quantity  that  I  could 
not  determine  it.  From 
the  same  cause  I  could 
not  determine  whether 
soda  was  present. 

Minute  traces. 


Large  precipitate,  with 
chloride  of  platinum 
and  a  small  trace  of 
soda. 

Trace  of  potash,  but 
could  not  ascertain  if 
soda  was  present. 

Decided  precipitate  with 
chloride  of  platinum. 
Sufficient  soda  to  pro- 
duce a  precipitate  with 
antimoniate  of  potash. 

Could  not  detect  soda, 
but  detected  a  trace  of 
potash. 


Minerals. 

Diorite  containing  augite,  from  the 
valley  of  the  Lahn,  Nassau. 

Clinkstoney  from  Rhongebirge,  Ba- 
varia. 

Phonolitic  Tufa,  Rhongebirge,  Ba- 
varia. 

Hornblende  in  crystals,  from  Rhon- 
gebirge. 

Olivine,  in  a  state  of  decomposition, 
from  the  Vogelsgebirge,  Hesse- 
Darmstadt. 

Augite,  crystalline,  Rhongebirge. 

Compact  basalt,  from  Giessen. 

Trap  rock  of  the  nature  of  green- 
stone, from  the  north  of  Ireland. 

Basalts,  Giant's  Causeway. 


Pumice  stone,  from  the  Lake  of  Laach, 
near  Andernach,  on  the  Rhine. 

M 


Phosphoric  acid. 
Obtained  sufficient  from  two  ounces 
to  test  with  nitrate  of  silver. 
Abundant  traces. 

Considerable  precipitate. 

Minute  traces. 

Sufficient  to  apply  the  test  of  nitrate 
of  silver;  but  three  ounces  were 
employed. 

Abundant  traces. 

Considerable  traces. 

Only  minute  traces  in  one  specimen, 
but  in  considerable  quantity  in  an- 
other. 

Enough  to  produce  a  precipitate 
with  sulphate  of  ammonia  and  mag- 
nesia from  two  ounces. 

Considerable  precipitate  from  three 
ounces. 
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Minerals. 

SodalUe,  Vesuvius. 

Variety  of  ht/perst/iene,  occurring  in 

the  diorite  on  the  Lahn,  Nassau. 
Lepidolite,  locality  unknown. 

Obsidian,  from  Lipari. 
Mica,  Spessart,  Bavaria. 

Granite,  Odenwald,  Germany. 

CIdorite  slate,  locality  unknown. 

Atigite  porphyry,  locality  unknown. 
Mica  slate,  locality  unknown. 
Gneiss,  Odenwald,  Germany. 
Two  specimens   of  Scotch  [granite, 

localities  unknown. 
Tincal,  or  native  borax,  from  East 

Indies. 


Phosphoric  acid. 

Trace;  had  not  enough  for  a  second 
analysis. 
Distinct  traces. 

I  obtained  so  large  a  precipitate,  that 
I  think  it  must  form  an  important 
constituent  of  this  mineral. 

Present  in  considerable  quantity. 

Minute  traces,  but  more  abundant  in 
another  specimen  from  Russia. 

Enough  to  give  all  the  usual  tests 
from  about  1^  ounce. 

Sufficient  from  two  ounces  to  give  a 
precipitate  with  nitrate  of  silver. 

Considerable  traces. 

Enough  for  nitrate  of  silver  test. 

Considerable  traces  from  two  ounces. 

Large  precipitate  from  two  ounces. 


The  quantity  of  phosphoric  acid  in 
this  substance  was  very  considerable, 
being  equal  in  one  instance  to  2*1.3 
per  cent.  I  think  most  native  borax 
will  be  found  to  contain  phosphate 
of  soda. 
Datliolite.  In  one  specimen  of  this  mineral  from 

Andreasberg  in  the  Harz,  the  quan- 
tity of  this  acid  present  was  suffi- 
ciently large  to  be  estimated.  I  also 
detected  its  presence  in  a  specimen 
from  North  America,  but  in  neither 
case  had  I  enough  of  the  mineral  to 
make  another  analysis. 

It  is  very  curious  tliat  such  a  large  quantity  of  phosphoric 
acid  should  i»  these  two  cases  be  associated  with  boracic  acid, 
which  is  of  a  decided  volcanic  origin.  It  would  be  very  in- 
teresting if  the  substances  occurring  with  the  native  boracic 
acid  in  Tuscany,  and  also  the  other  minerals  containing  boracic 
acid,  were  examined  for  phosphoric  acid.  The  quantitative 
determination  of  the  phosphoric  acid  in  rocks  would,  in  my 
opinion,  be  of  little  importance,  as  phosphoric  acid,  although  a 
constant,  is  a  very  variable  constituent.  This,  however,  does 
not  apply  to  the  simple  minerals,  such  as  olivine,  of  which  it 
forms  very  probably  a  constant  constituent. 

Dublin,  July  17, 1845. 

XXVI.  Some  Observations  on  the  Theory  and  Application  of 

Electricity.     By  F.  C.  IIenuici*. 
1.   TT  is  usually  considered,  that  in  consetiuencc  of  the  sup- 
X    posed  repulsion  exerted  between  the  particles  of  elec- 
•  From  Poggcndorffs  Annatcn,  vol.  Ixiv.  p.  .'J45. 
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tricity  of  the  same  kind,  the  free  electricity  of  any  conductor 
is  diffused  over  its  surface  and  forms  a  layer  of  inconsiderable 
thickness.  But,  on  the  one  hand,  if  the  electricity  were  thus 
forced  towards  the  surface,  there  must  be  something  which 
forces,  consequently  electricity,  in  the  interior  of  the  conductor, 
and  again  the  repelled  particles  must  exert  an  equal  but  op- 
posing action,  inasmuch  as  they  cannot  escape  into  any  sur- 
rounding non-conductor.  Thus  an  equilibrium  would  be 
formed  between  all  the  electrical  particles,  which  could  only 
consist  in  an  equality  of  their  mutual  pressure.  In  fact,  we 
only  find  this  condition  in  aeriform  bodies  which  are  confined 
in  any  given  space  (as  in  porous  bodies,  which  have  no  at- 
traction for  them);  moreover,  in  a  solid  body  heated  through- 
out and  surrounded  by  a  bad  conductor  of  heat,  we  find  no 
trace  of  a  distribution  of  this  heat  over  the  surface. 

It  is  difficult  to  understand  what  is  the  nature  of  the  re- 
pulsion supposed  to  exist  between  the  particles  of  like  elec- 
tricities. When  repulsion  occurs  between  two  such  particles, 
both  must  evidently  separate  from  one  another,  consequently 
a  fluid  consisting  of  such  particles  must  be  expansible,  and 
vice  versa  compressible.  The  mathematical  theory  of  electri- 
city hitherto  adopted  requires,  however,  that  the  electricities 
should  be  incompressible  fluids.  This  assumption  is  how- 
ever by  no  means  supported  by  analogy.  In  ponderable  bo- 
dies we  find  a  repulsion  of  the  ultimate  molecules  in  gases 
only,  /.  e.  in  remarkably  compressible  bodies  alone;  in  liquids, 
properly  so  called,  which  are  always  to  a  certain  extent  com- 
pressible, we  find  an  attraction  of  their  particles. 

The  ordinary  view  of  the  electrical  principle  is  conse- 
quently not  capable  of  explaining  the  action  of  electrified  bo- 
dies at  a  distance,  which  is  produced  as  if  their  free  electricity 
existed  only  at  the  surface,  and  altogether  we  must  consider 
it  merely  of  use  as  a  means  of  handling  electrical  phaenomena, 
and  as  enabling  us  to  treat  the  same  mathematically. 

2.  The  current  from  an  electrical  machine  produces  gal- 
vanic (nifxgnetic,  thermal,  chemical,  &c.)  effects,  just  as  the 
current  from  a  galvanic  series.  We  can,  without  difficulty,  re- 
duce two  currents,  one  originating  in  each  manner,  to  exactly 
the  same  galvanic  action.  In  this  case  the  electrical  particles 
must  have  the  same  quantity  of  motion  in  both. 

But  what  a  marked  difference  exists  in  their  tension  I  and 
yet,  according  to  the  dualistic  hypothesis,  the  separation  and 
reunion  of  the  electricities  in  the  conducting  circles  of  each 
must  take  place  with  equal  energy  if  the  above-mentioned 
conditions  are  to  be  fulfilled.  Hence  it  appears  natural  that 
there  should  exist  different  kinds  of  electricity,  just  as  there 
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are  different  kinds  of  light,  heat  and  sound.  Electrical  phae- 
nomena  would  then  also  be  undulatory.  We  certainly  do  not 
readily  see  how  the  positive  and  negative  could  in  this  way  be 
accounted  for;  but  such  a  difficulty  cannot  justify  us  in  re- 
jecting an  explanation  in  other  respects  so  accordant  with 
reason.  Viewed  in  this  light,  the  increased  effect  produced 
by  the  simultaneous  action  of  several  sources  of  electricity 
(the  voltaic  pile,  the  electrical  battery)  would  be  considered 
as  caused  in  the  same  way,  as  by  the  simultaneous  action  of 
man}'  sources  of  the  same  kind  of  light  an  increased  illumina- 
tion occurs,  and  in  the  simultaneous  emission  of  several  sounds 
an  increase  in  the  sound  conveyed  to  the  ear  is  produced. 
The  action  of  the  condenser  would  then  be  intelligible  as  con- 
verting electricity  of  less  into  that  of  higher  tension. 

I  may  be  permitted  here  to  draw  attention  to  the  facts 
which  electrical  phaenomena  seem  to  point  out,  that  an  essen- 
tially different  mode  of  propagation  of  the  electricity  occurs  in 
the  so-called  non-conductors  to  what  takes  place  in  the  con- 
ductors. Thus  it  appears  that  in  the  former,  when  they 
allow  the  electricity  to  be  diffused  to  any  extent,  as  the  air, 
its  propagation  follows  the  same  laws  as  light  and  radiant 
heat ;  this  is  especially  pointed  out  by  the  late  experiments  of 
Petrina,  who  found  that  electricity,  when  propagated  in  a  rec- 
tilinear direction  in  the  atmosphere,  in  passing  by  a  screen  (a 
metallic  conducting  plate  connected  with  the  earth),  suffers  dif- 
fraction, just  as  rays  of  light  and  heat  do.  Hence  any  sub- 
stance would  be  so  much  a  better  or  worse  conductor  than 
another  as  it  was  suitable  to  either  one  or  the  other  method 
of  propagation  of  the  electricity ;  with  imperfect  conductors 
both  must  occur  to  a  certain  extent.  In  other  respects  the 
non-conductors  of  electricity  can  only  be  compared  within 
narrow  limits  with  transparent  bodies,  because  in  the  former 
the  diffusion  of  the  electricity  will  always  be  proportionally 
very  limited;  the  so-called  non-conductors  of  electricity  will 
always  be  comparatively  opake  substances  when  considered 
electrically.  It  must  also  be  admitted  that  they  may  be  com- 
pelled by  a  sufficiently  strong  electrical  power  to  propagate 
the  electricity  by  conduction  through  more  or  less  limited 
spaces  (electric  sparks,  lightning).  It  moreover  deserves  to 
be  noticed,  that  there  is  no  conduction  of  heat  and  light  in 
the  same  sense  as  occurs  with  electricity.  We  are  unac- 
quainted with  any  diffusion  of  light  within  bodies  which  can 
be  compared  to  the  conduction  of  electricilv,  and  the  diffusion 
of  hcAt  within  bodies  not  only  obtains  with  infinitely  less  ra- 
pidity, bjit  also  according  to  entirely  dillercnt  laws  from  the 
conduction  of  electricity  (liie  same  holds  good  with  sound). 
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Magnetism  exhibits  the  remarkable  property  of  being  retained 
or  absorbed  by  no  other  bodies  than  the  few  magnetic  metals, 
whilst  it  is  diffused  through  these  comparatively  slowly,  and 
in  a  manner  more  analogous  to  heat.  Consequently  there  is 
no  conduction  of  magnetism  at  all  resembling  the  conduction 
of  electricity. 

If  the  appeurancesof  light,  heat,  electricity  and  magnetism, 
are  phasnoniena  of  motion,  we  must  arrive  at  the  conclusion 
that  their  exceedingly  rapid  mode  of  propagation  essentially 
depends  upon  motion  of  an  imponderable  matter  (aether),  their 
slow  diffusion  being  essentially  dependent  on  the  movements 
of  the  atoms  of  the  bodies.  An  analogy  between  magnetism 
and  heat  consists  in  the  rays  emanating  from  the  former  prin- 
ciple being  absorbed  by  the  magnetic  metals,  these  thus  be- 
coming magnetized,  just  as  bodies  become  warmed  by  the  ab- 
sorption of  heat ;  but  there  is  this  difference  between  the  two 
agents,  viz.  that  there  are  but  few  bodies  capable  of  absorbing 
the  magnetic  rays,  whilst  there  is  scarcely  one  which  is  not 
able  to  absorb  those  of  heat.  Consequently  nearly  all  bodies 
may  be  regarded  as  completely  pervious  to  the  former  rays. 

3.  If  we  place  two  equal-sized  plates  of  copper  and  zinc 
upon  one  another,  and  after  contact  separate  them,  when 
tested  by  a  delicate  electrometer  they  are  both  electrical,  this 
occurring  only  after  contact.  From  this  it  has  been  concluded 
that  the  dissimilar  electricities  evolved  by  the  contact  of  he- 
terogeneous metals  neutralize  one  another  at  those  parts  where 
they  are  in  contact,  and  that  a  comparatively  small  portion  of 
them  is  set  in  motion.  This  retention  in  very  good  conductors 
is  unintelligible,  if  no  other  forces  were  exerted  :  these  effects 
however  are  evidently  those  of  condensation,  as  Peclet  long 
since  pi*oved  by  experiment ;  he  showed  that  all  smooth  me- 
tallic surfaces,  when  in  contact,  even  without  intervening  layers 
of  varnish,  act  as  condensers.  In  fact,  in  the  present  case, 
the  same  effect  would  be  evident  if  the  contact  of  the  zinc  with 
the  copper  plate  occurred  at  a  few  physical  points  only  (pro- 
bably when  their  surfaces  are  perfectly  smooth,  and  they  are 
lightly  placed  upon  one  another,  there  is  no  real  contact): 
this  agrees  with  what  we  observe,  that  the  effect  is  weaker  in 
proportion  as  the  surfaces  in  action  are  less.  Thus  the  expe- 
riment by  no  means  justifies  the  supposition,  that  the  electri- 
cities set  free  by  the  contact  of  heterogeneous  metals  neutralize 
one  another  at  the  place  of  contact ;  it  is  rather  natural  to 
suppose  that  they  possess  freedom  of  motion.  The  conse- 
quence of  this  will  be,  that  from  the  almost  perfect  conduction 
exerted  at  the  place  of  contact,  they  will  for  the  greater  part 
combine  again,  and  that  a  very  small  portion  of  them  only 
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is  diffused  over  the  two  conductors  lying  in  contact.  This 
latter  portion  however  may  be  further  carried  away  by  con- 
duction, and  it  is  evident  that  by  contact  compensation  must 
ensue  for  that  which  is  thus  carried  away  (perhaps  absorbed 
by  a  condenser,  or  in  some  other  way). 

If  the  conduction  be  now  completed  in  a  manner  requiring 
no  further  action  by  contact,  an  electric  current  is  produced, 
the  power  of  which  must  evidently  be  proportional  to  the  per- 
fection of  the  whole  conduction,  because  in  any  given  time  a 
certain  quantity  only  of  electricity  can  escape  at  the  point  of 
contact.  This  quantity  of  electricity  however  always  amounts 
to  a  very  small  portion  only  of  that  originally  produced  by  the 
contact,  as  even  the  best  conduction  presents  a  remarkably 
greater  resistance  than  the  point  of  contact  itself. 

Thus  the  internal  condition  of  an  open  galvanic  series  * 
cannot  be  compared  with  a  charged  electrical  jar,  because  in 
this  the  electricities  conveyed  to  it  from  without  are  artificially 
separated  from  one  another  by  an  intervening  non-conductor 
and  prevented  from  neutralizing  each  other.  But  even  here 
a  certain  amount  of  electricity,  although  it  is  but  small,  and 
proportional  to  the  conducting  power  of  the  separating  non- 
conductor, must  evidently  pass  through  this  to  produce  neu- 
tralization. The  discharge  of  the  jar  ensues  when  any  better 
conduction  than  by  means  of  the  non-conductor  is  presented 
to  the  electricities,  as  for  instance,  by  the  air,  or  still  more  the 
earth  (which  affords  in  the  case  of  Volta's  pile  very  imper- 
fect conduction).  Consequently,  an  electric  jar,  if  no  dis- 
charge occurred  through  the  air,  would  almost  entirely  part 
with  the  electricity  communicated  to  it  by  rapid  discharge 
through  the  completed  circuit,  whilst  of  the  electricity  pro- 
duced by  contact  a  small  quantity  only  can  ever  be  collected 
and  made  effective  at  one  time. 

From  these  considerations,  it  cannot  be  allowed  that  the 
electricity  from  contact  in  the  experiments  we  have  investi- 
gated is  capable  of  being  rendered  perceptible  to  the  electro- 
scope without  condensation,  because,  as  we  have  stated,  even 
between  unvarnished  and  very  small  metallic  surfaces  conden- 
satory  effects  occur.  I  have  succeeded,  by  the  following  method 
of  proceeding,  in  making  the  electricity  of  contact  unecjuivo- 
cally  perceptible  without  condensation.  A  strip  of  silver  was 
fastened  to  one  end  of  a  strip  of  zinc,  the  whole  was  then  bent 
into  the  form  of  a  U  ;  between  the  two  arms  a  narrow  strip  of 
gold  leaf  was  suspended,  so  that  it  could  be  moved  without 

•  \\y  an  njtcn  Ixit  cuiii|)lctu  !»crics,  as  is  well  known,  we  iindcrhtand  one 
in  which,  if  wc  a«lopt  the  contact  theory,  the  series  is  complete,  as  cx- 
pre>»c(l  by  the  forinuln,  "  Copper— zinc — liquid — copper." 
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difficulty  to  and  fro.  By  carefully  moving  this  gold  leaf,  it 
was  very  easy  to  place  it  in  such  a  position  that  it  should  be 
attracted  by  the  strip  of  zinc  only  when  negatively,  and  the 
strip  of  silver  only  when  positively  electrified.  As  it  was 
electrified  by  induction,  on  removing  the  electrifying  bodies 
(sealing-wax  and  glass  gently  excited  by  friction)  the  opposite 
attraction  to  that  produced  by  the  approximation  of  them  took 
place  if  an  attraction  had  been  thus  produced.  In  my  opinion 
we  have  here  no  ambiguity.  There  is  scarcely  occasion  to  re- 
mark, that  the  apparatus  was  enclosed  in  a  glass  vessel.  As 
the  normal  attraction  ensued  only  when  the  gold  leaf  was  in 
a  certain  position  [i.  c.  exactly  midway  between  the  arms  of 
ihe  compound  strip),  the  small  intensity  of  the  electricity  of 
contact  is  perfectly  intelligible.  Thus  if  the  gold  leaf  be  ap- 
proximated to  either  arm,  its  free  electricity  will  overpower 
the  weak  electricity  of  contact  of  this  arm,  and  act  upon  it  by 
induction,  whence  attraction  between  the  two  must  always 
ensue,  as  the  experiment  indicates.  I  have  some  hopes  of 
being  able  to  obtain  a  comparative  admeasurement  of  the  in- 
tensity of  the  electrical  effects  of  contact  by  this  method. 

4.  It  is  well  known  that  free  electricity  appears  in  many 
chemical  processes.  Thus  the  fumes  of  burning  potassium 
are  positive,  whilst  those  of  burning  phosphorus  are  negative*. 
Are  we  hence  to  conclude  that  the  atoms  of  the  potash  con- 
tain positive  electricity  and  those  of  the  phosphoric  acid  nega- 
tive electricity  in  excess  ?  Certainly  not.  We  must  merely 
consider  that  if  the  fumes  of  potassium  appear  positively  elec- 
trical, the  burning  potassium  itself  must  possess  negative  elec- 
tricity ;  the  conclusion  that  the  potassium  contained  prepon- 
derance of  negative  electricity  would  thus  be  arrived  at.  How- 
ever, the  phosphorus,  which  by  combustion  must  possess  j90«- 
//ue  electricity,  as  the  phosphoric  acid  appears  negative,  might 
be  regarded  as  a  body  containing  positive  electricity  predomi- 
nantly. Tliere  is  no  doubt  that  the  electricity  which  appears 
in  these  experiments  is  first  produced  in  the  act  of  combustion ; 
perhaps  it  arises  from  the  violent  separation  of  the  burnt  par- 
ticles from  those  still  unburnt.  Besides,  this  spontaneously 
disappears  in  a  very  short  time,  even  when  it  is  not  purposely 
annihilated,  and  the  precipitated  fumes  then  indicate  no  fur- 
ther trace  of  free  electricity;  the  chemical  attraction,  therefore, 
of  the  potash  for  the  phosphoric  acid  cannot  depend  upon  the 
action  of  free  opposite  electricities  with  which  their  atoms  are 
said  to  be  endowed.  Neither  can  we  suppose  that  any  latent 
electricity  exists  in  them,  for  such  would  be  unable  (if  so  ca- 
pable i^er  se)  to  exert  any  outward  action.  If,  nevertheless, 
we  were  to  attribute  free  electricity  to  the  atoms  of  bodies,  and 
*  Berzelius,  Lehrhuch  der  Chemie,  .'i''^  auf.  S.  103. 
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to  deduce  hence  their  chemical  attraction,  we  must  evidently 
admit  the  existence  of  a  great  difference  in  the  quantity  of 
their  peculiar  electricities  in  the  various  atoms  of  bodies ;  the 
most  positive  bodies  must  contain  the  largest  amount  of  posi- 
tive, and  the  negative  bodies  the  largest  amount  of  negative 
electricity.  But  how  can  electro-chemical  attraction  occur, 
when  two  positive  or  negative  bodies  act  on  each  other?  and 
yet  such  bodies  combine  with  each  other  in  the  most  varied 
proportions. 

Thus  it  is  vain  to  endeavour  to  find  a  physical  basis  for  the 
electro-chemical  views.  But  there  exists  between  the  elec- 
trical relations  and  the  general  chemical  character  of  a  body, 
a  parallelism  which  cannot  be  mistaken  (as  I  have  already 
endeavoured  to  pr6ve  elsewhere),  and  I  am  still  of  the  opinion 
that  it  deserves  attentive  consideration. 

5.  The  compound  galvanic  series  presents  a  peculiarity 
which,  in  my  opinion,  deserves  to  be  considered  more  carefully. 

If  n  represents  the  cells  of  like  constitution,  the  electromo- 
tive force  of  which  is  expressed  by  E,  their  resistance  being 
=  r,  when  united  with  an  homologous  metal,  and  provided 
with  a  common  conductor  whose  resistance  is  =/•'  (previously 
to  which  the  circuit  is  not  perfectly  complete),  the  intensity 
of  the  current  (Q)  in  the  latter  is 

^     r  +  m^ 
When  the  elements  are  arranged  in  the  form  of  a  pile,  the 
intensity  of  the  current  Q'  is 

nr  +  r 

wE 
When  r'  is  tar,  we  have   Q=Q'=— — — , 

and  it  is  then  a  matter  of  indifference  in  what  manner  the  ele- 
ments are  combined  as  regards  the  eifects.  If  we  now  examine 
the  intensity  of  the  current  in  the  elements  of  the  compound 
series,  theory  gives  the  eciuation 

E 


?= 


-h«r'' 


we  thus  arrive  at  the  remarkable  conclusion,  that  when  ;'  is 
mTi  the  intensity  of  the  currents  in  the  elementary  series  is 

only  —  of  that  contained  in  the  pile  series ;  in  other  words, 

the  same  mechanical  (or  other)  effect  of  the  conductor  closing 
the  circuit,  produces  under  these  circumstances  in  the  pile  a 
consumption  of  matter  n  times  greater  than  occurs  in  the 
compound  scries  formed  of  the  same  elements.  Thus,  were 
it  possible,  by  mechanical  arrangements,  to  render  the  resist- 
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ance  r'  of  the  conductor  completing  the  circuit  =r,  the  ex- 
penditure of  these  arrangements  arising  from  the  galvanic 
consumption  of  matter  in  using  1000  elementary  series  com- 
bined in  the  manner  of  the  compound  series,  would  amount 
to  Yijoo^'^  °"^y  ^^  *^^^  caused  by  their  arrangement  in  the 
form  of  a  pile.  Consequently,  in  the  former  combination,  the 
polarization  would  also  be  remarkably  slight ;  we  might  also 
thus  avoid  the  use  of  constant  series,  and  in  the  selection  of 
a  liquid  might  merely  take  into  consideration,  in  addition  to 
its  conducting  power,  its  chemical  relation  to  the  two  metals, 
so  as  to  avoid  chemical  action  between  them. 

If  n  be  very  considerable,  so  that  r  in  nr'  may  be  disre- 
garded, we  have         /-.       E       ,         ^ 
^  '  Q  =  -jand  2^=0; 

in  a  very  large  (strictly  considered  infinite)  number  of  elemen- 
tary series;  the  greatest  possible  effect  of  the  conductor  closing 
the  circuit  is  thus  obtained,  considering  r'  as  one,  without  any 
galvanic  consumption  of  matter,  for  then  no  electric  current 
exists  in  the  elementary  series.  Perhaps  we  can  arrive  still 
nearer  the  mark,  as  in  a  very  large  number  of  elementary 
series,  not  only  the  thickness  of  the  smooth  metallic  plates,  be- 
tween which  the  liquid  is  enclosed,  but  also  the  thickness  of  the 
layers  of  the  liquid  is  reduced  to  a  minimum  :  thus  the  whole 
apparatus  may  be  confined  in  a  comparatively  limited  space. 

XXVII.  Contributions  to  the  Knowledge  of  Conjugate  Com- 
pounds. By  Dr.  H.  Kolbe,  Chemical  Assistant  in  the 
University  of  Marburg*. 
T^HE  examination  of  the  products  arising  from  the  decom- 
-^  position  of  sulphuret  of  carbon  by  means  of  chlorine  has 
led  to  the  discovery  of  an  interesting  series  of  bodies,  which 
belong,  almost  without  exception,  to  the  class  of  the  so-called 
conjugate  compounds f,  and  among  them  the  substitution  of 
chlorine  by  hydrogen  is  particularly  observed,  which  will  pro- 
bably throw  considerable  light  on  the  constitution  of  certain 
organic  combinations.  These  compounds,  produced  almost 
by  the  direct  combination  of  their  elements,  have  such  a  strong 
similarity  to  those  considered  to  belong  to  organic  chemistry, 
that  it  is  impossible  here  to  draw  a  distinct  line  between  or- 
ganic and  inorganic  bodies. 

1  have  already:}:  shown  that  chlorine  and  sulphuret  of  car- 
bon carefully  dried  are  decomposed  into  a  mixture  of  chloride 
of  sulphur  and  perchloride  of  carbon;  this  takes  place  not 

*  Communicated  by  the  Chemical  Society ;  having  been  read  April  7> 
t  "  Qorps  copules  "  of  Gerhardt.        J  Liebig's  Annul,  vol.  xlv.  p.  41. 
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merely  at  a  red  heat  but  at  ordinary  temperatures,  in  daylight 
as  well  as  in  the  dark.  This  perchloride  of  carbon  is  identi- 
cal with  Regnault's  "  ether  chlorhydrique  de  Vesprit  de  dais 
perchlojiire"  and  may  be  obtained  with  ease  from  the  chloride 
of  carbon.  Perchloride  of  carbon  does  not  enter  into  direct 
combinations,  but  it  unites  with  sulphurous  acid  when  both 
are  in  a  nascent  state,  and  forms  conjugate,  neutral,  indiffer- 
ent bodies,  which  Berzelius  and  Marcet  discovered  when  they 
digested  sulphuret  of  carbon  with  moistened  chlorine  or  nitric 
acid*.  I  call  this  white,  volatile,  crystallized  compound  sul- 
phite of  perchloride  of  carbon,  C  CI2  SOg.  It  may  be  ob- 
tained in  large  quantities  by  digesting  peroxide  of  manganese 
and  hydrochloric  acid  for  several  days  in  a  close  vessel  with 
sulphuret  of  carbon,  and  after  the  decomposition  is  complete 
distilling  the  mixture.  Its  formation  is  explained  by  the  fol- 
lowing formula, — 

Sulphite  of  perchloride  of  carbon  suspended  in  water  is  re- 
duced by  chloride  of  tin,  sulphuretted  hydrogen,  or  sulphurous 
acid,  and  converted  with  the  loss  of  one  equivalent  of  chlorine 
into  sulphite  of  chloride  of  carbon,  C  CI  SOg,  a  colourless, 
inodorous,  and  very  unstable  combination,  soluble  in  water 
and  alcohol.  The  solution  in  water  is  decomposed  upon  ex- 
posure to  the  air,  combining  with  one  equivalent  of  oxygen, 
forming  oxide  of  chloride  of  carbon  and  sulphurous  acid. 
Chlorine  occasions  a  precipitate  of  regenerated  sulphite  of 
perchloride  of  carbon.  Bromine  also  produces  a  similar  in- 
soluble combination,  which  will  be  the  subject  of  a  future  ex- 
amination. Iodine  occasions  no  precipitate.  The  behaviour 
of  sulphite  of  perchloride  of  carbon  towards  the  caustic  alka- 
lies gives  rise  to  a  series  of  conjugate  hyposulphates,  which 
have  the  greatest  similarity  to  one  another,  although  their  con- 
junctives, by  which  they  are  alone  distinguished,  are  bodies 
of  quite  a  different  chenu'cal  nature.  The  acids  thus  produced 
do  not  show  the  slightest  similarity  to  sulphurous  acid ;  the 
chemical  properties  of  the  latter  are  upon  formation  of  the 
conjoined  bodies  completely  changed,  and  thoy  iiave  obtained 
properties  and  a  power  of  con)biiiation  which  place  them  by 
the  side  of  tlie  strongest  inorganic  acids.  The  first  of  these 
combinations  is  hyposulphate  of  chloride  of  carbon,  HO  +  Cj 
Clj,  Sj  Or,.  It  contains  as  a  conjunct  |)crchloride  of  carbon, 
nnd  is  formed  together  with  cliloride  of  potassium  when  the 
Rulphitc  of  perchloride  of  carbon  is  dissolved  in  caustic  potash. 
The  potash  salt  crystallizes  after  evaporation  of  the  neutral 
•  Hcrzcliui»'»  (.'liemiHtry,  i.  p.  622. 
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solution  in  large  rhombic  tables,  which  effloresce  upon  expo- 
sure to  the  air.  The  crystals  contain  one  atom  of  water  ;  the 
effloresced  salt  is  free  from  water,  and  is  composed  of  KO  + 
C2  CL,  S2  O5.     This  decomposition  is  thus  explained — 

2C  CI.2  SOglKO  +  C2  CI3,  S2  O5 

2KO  JKCL 

The  hydrous  hyposulphate  of  chloride  of  carbon,  which  is 
obtained  by  precipitation  of  the  baryta  salt  with  sulphuric 
acid,  crystallizes  upon  evaporation  in  small  prisms,  not  per- 
manent in  the  air,  which  may  be  heated  to  150°  without  de- 
composition. They  are  not  oxidized  by  boiling  with  nitric, 
nitromuriatic  or  chromic  acids ;  nitric  and  hydrochloric  acid 
may  be  distilled  off  from  them  widiout  any  change.  The  salts 
of  hyposulphate  of  chloride  of  carbon  are  soluble  in  water  and 
in  alcohol,  and  easily  crystallizable.  They  are  decomposed 
by  heat  into  sulphurous  acid,  chloro-carbonic  oxide  gas,  and 
the  metallic  chloride,  which  last  remains  free  from  sulphuric 
acid,  and  is  colourless.  The  barytic  salt  is  formed  like  the 
alkaline  salt,  by  solution  of  the  sulphurous  perchloride  of 
carbon  in  baryta  water;  it  crystallizes  upon  evaporation  in 
large  four-sided  tables;  at  100°  C.  it  is  composed  of  BaO  + 
C2  CI3,  S2  O5  +  aq.  The  remaining  salts  are  formed  by  neu- 
tralising the  free  acid  with  a  basic  carbonate.  The  ammo- 
niacal  salt  crystallizes  most  readily  in  fine  large  prisms. 

Hyposulphate  of  chloride  of  formyle,  HO+  Cg  HCI2,  83  O5, 
is  the  second  in  this  class  of  coupled  acids.  It  is  formed  by 
the  substitution  of  one  equivalent  of  hydrogen  for  one  equiva- 
lent of  chlorine  of  the  hyposulphate  of  chloride  of  carbon, 
when  zinc  is  dissolved  by  hyposulphate  of  chloride  of  carbon, 
which  takes  place  without  the  evolution  of  hydrogen,  but  with 
the  formation  of  hydrochloric  acid, 

HO  +  C2  CI3,  S2  0^\  ZnO  +  C2  HCI2,  S2  O5 
2Zn  J  Zn  CI. 

The  potash  salt,  KO  +  C2  HClg,  Sg  O5,  is  also  obtained  by 
boiling  caustic  potash  with  sulphite  of  chloride  of  carbon, 
which  combines  with  one  atom  of  water, 
2C  CI  SO2I 

KO  ^KO  +  C2,HCl2,  S2O5. 
HO  J 
This  salt  is  easily  soluble  in  water  and  hot  alcohol,  difficukly 
soluble  in  cold  alcohol;  crystallizes  from  a  hot,  saturated  al- 
coholic solution  in  small,  shining  nacreous  leaves ;  dried  at 
100°  it  is  anhydrous,  and  is  resolved  at  250°  C.  into  hydro- 
chloric acid,  sulphurous  acid,  carbonic  acid  and  oxide  of 
carbon  ;  chloride  of  potassium  slightly  coloured  by  charcoal 
remains  beliind.     The  free  acid  may  be  obtained  by  precipi- 
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tating  the  alcoholic  solution  of  the  potash  salt  with  sulphuric 
acid.  I'he  filtered  acid  solution  may  be  evaporated,  and  the 
excess  of  sulphuric  acid  precipitated  either  by  carbonate  of 
lead  or  baryta  water.  The  hydrate  of  the  hyposulphate  of 
chloride  of  formyle  forms  a  thick  liquid,  which  crystallizes, 
in  vacuo  over  sulphuric  acid,  in  small  scales,  and  is  similar 
both  in  its  stability  and  power  of  combination  to  the  hypo- 
sulphate  of  chloride  of  carbon.  The  silver  salt,  Ag  O  + 
C2  HCI2,  S2  O5,  is  very  sensitive  both  to  light  and  heat;  it 
can  only  be  obtained  in  a  crystallized  state  in  a  vacuum  and 
in  the  dark ;  when  dry  it  will  bear  a  temperature  of  100°  C. 
without  change. 

Hyposulphate  of  chlor-elayle,  HO  +  2C2H2  CI,  85 O5,  con- 
tains chloride  of  elayle  as  a  conjunct,  or  another  isomeric  com- 
pound. It  is  formed  by  the  substitution  of  two  equivalents  of 
hydrogen  for  two  equivalents  of  chlorine  of  the  hyposulphate 
of  chloride  of  carbon,  when  a  solution  of  hyposulphate  of  chlo- 
ride of  carbon  and  potash  is  acidified  by  sulphuric  acid,  and 
decomposed  by  a  galvanic  current.  Two  pairs  of  the  Bun- 
sen  carbon  and  zinc  series  are  required  for  it;  two  amalga- 
mated zinc  plates  were  the  electrodes. 

The  average  power  of  the  current,  as  measured  by  Weber's 
galvanometer,  was  82°,  equal  to  a  deflection  of  the  needle  of 
SS°.  The  hydrogen  in  the  nascent  state  unites  with  the  chlo- 
rine of  the  hyposulphate  of  chloride  of  carbon  at  the  cathode, 
and  forms  muriatic  acid  ;  the  equivalents  of  chlorine  are  sub- 
stituted by  equivalents  of  hydrogen.  This  exchange  only  pro- 
ceeds in  the  formation  of  the  hyposulphate  of  chlor-elayle,  as 
long  as  the  fluid  which  is  to  be  decomposed  contains  an  ex- 
cess of  acid, 

KO  +  C2  CI3  S2  O,  r^^cl  ^2  H,  CI,  S2  O5 

'^^^  [20. 

The  oxygen  is  not  set  free  by  the  above  decomposition,  but 
unites  with  the  zinc  of  the  anode;  but  if  the  fluid  is  so  far  sa. 
turatcd  with  sulphate  of  zinc,  that  the  reduced  zinc  is  deposited 
on  the  cathode,  then  it  must  l)e  precipitated  with  carbonate  of 
potash,  and  the  filtered  fluid  being  again  rendered  acid,  must 
be  once  more  exposed  to  decomposition  by  the  current. 
This  operation  is  to  be  repeated  as  long  as  traces  of  chloro- 
byposuiphate  of  formyle  are  perceived,  which  will  be  known 
when  the  potash  salt  of  the  hyposulphate  of  chlor-elayle,  to  be 
extracted  out  of  the  fluid  precipitated  by  carbonate  of  potash 
and  evaporated  to  dryness,  gives  out  muriatic  acid  at  a  red 
heat.  It  is  impossible  to  separate  both  the  salts  when  they 
occur  mixed. 
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The  potash  salt  of  the  hyposulphate  of  chlor-elayle  is  very 
much  like  the  salt  of  hyposulphate  of  chloro-formyle ;  it  cry- 
stallizes out  of  hot  alcohol  in  small  needles,  and  differs,  as 
before  stated,  principally  by  its  behaviour  at  a  red  heat.  It 
is  precipitated  by  diluted  sulphuric  acid  and  chloride  of  cal- 
cium, which  remains  of  a  dark  black  by  the  separation  of  car- 
bon ;  in  fine,  the  hyposulphate  of  chlor-elayle  is  quite  like  the 
hyposulphate  of  chloro-formyle.  If  a  platinum  anode  be  used 
in  the  above  decomposition  of  the  potash-hyposulphate  of 
chloride  of  carbon,  then  the  free  oxygen  acts  on  the  com- 
pound and  oxidizes  it.  There  goes  off  at  the  anode  a  mixture 
of  chlorine,  oxygen  and  carbonic  acid,  and  after  the  decom- 
position is  finished  there  is  contained  in  the  fluid  only  hypo- 
chlorate  of  potash  and  bisulphate  of  potash.  Under  the  same 
conditions  the  solution  of  chloride  of  potassium  changes  into 
hypochlorite  of  potash,  and  ultimately  into  chlorate  of  pot- 
ash;  hypochlorite  of  potash  is  only  formed  in  the  presence  of 
free  acid.  Iodide  of  potassium  likewise  becomes  iodate  of 
potash  ;  I  could  not  produce  ajluorate  of  potash  from  the  de- 
composition of  fluoride  of  potassium. 

Hyposulphate  of  methyle  =  HO  +  Cg  Hg,  S^  O5.  This 
compound  concludes  the  series  of  conjugate  hyposulphites. 
It  contains  as  conjoined  a  car  bo-hydrogen  corresponding  to 
the  bichloride  of  carbon,  which  possesses  the  same  composi- 
tion as  the  radical  of  methyle.  It  may  be  produced  in  the  same 
manner  as  the  above  acid,  by  means  of  the  galvanic  current, 
from  hyposulphate  of  chloride  of  carbon  and  potash  when  the 
solution  contains  free  alkali.  The  decomposition  takes  place 
as  represented  by  the  following  formula  : — 

KO  +  C,  CI3,  S,  Oj'^^  +  ^^  "«_  g  Q 
6HO  1  GO  ~ 

The  uncombined  hyposulphate  of  methyle  exhibits  also  the 
greatest  resemblance  to  the  hyposulphate  of  chloro-formyle, 
and  is  produced  like  it  from  the  alcoholic  solution  of  the  pot- 
tash  salt  by  precipitating  with  sulphuric  acid.  The  concen- 
trated acid  crystallizes  in  vacuo  over  sulphuric  acid  in  deli- 
cate, easily  soluble  laminae,  which  may  be  heated  to  130°  C. 
without  decomposition.  It  cannot  be  oxidized  by  nitric  or  by 
chromic  acid,  and  forms  only  insoluble  crystalline  salts. 

The  potash  salt,  KO  +  C^  H3,  S^  O5,  at  100°  C.  is  dissolved 
with  difficulty  in  cold  absolute  alcohol;  and  the  hot  saturated 
solution  crystallizes  during  the  cooling  in  soft,  silky  fibres, 
which  form  so  close  a  texture,  that  the  mother-water  appears 
gelatinous.  On  being  heated  a  liquor  separates,  which  has  a 
neutral  reaction,  and  there  is  also  obtained  a  fetid,  volatile 
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product,  not  further  examined  :  there  remains  bisulphale  of 
potash  mixed  with  charcoal. 

The  lead  salt,  PbO  +  C^  Hg,  Sg  O5  +  aq,  crystallizes  by 
spontaneous  evaporation  in  large  prisms :  it  has  a  feeble  acid 
reaction,  a  sweetish  taste,  and  when  dried  at  100°  C.  is  anhy- 
drous. By  boiling  with  oxide  of  lead  a  basic  salt  is  produced, 
PbO  +  C2  Hg  83  O5  +  2  PbO,  which  becomes  dull  by  expo- 
sure to  the  air  from  the  separation  of  carbonate  of  lead,  and 
in  a  vacuum  dries  up  into  an  amorphous  saline  mass. 

The  silver  salt,  AgO  +  Cg  Hg,  Sg  O5,  admits  of  evapora- 
tion by  heat,  and  only  becomes  slowly  blackened  by  exposure 
to  the  light.  It  crystallizes  in  small,  thin,  anhydrous  laminte, 
and  by  a  red  heat  leaves  pure  metallic  silver.  All  the  four 
conjugate  hyposulphates  agree  further  in  not  uniting  with 
oxide  of  ethyle  to  form  an  asther.  In  respect  to  its  composi- 
tion, the  hyposulphate  of  chloro-carbon  is  ranked  with  the 
oxalate  of  chloro-carbon,  or  the  combination  which  is  known 
under  the  name  of  chlor-acetic  acid. 

Oxalate  of  chloro-carbon^  HO  +  Cg  CI3  Cg  Og. — As  re- 
spects the  chemical  properties  of  this  compound,  I  have  but 
little  to  add  to  the  minute  investigations  of  Dumas,  as  I  found 
that  Melsen's  statement  as  to  the  reproduction  of  acetic  acid  by 
means  of  the  potassium  amalgam  was  perfectly  corroborated. 
Respecting  its  formation,  I  may  mention  that  it  can  be  also 
obtained  from  the  oxidation  of  chloral  by  fuming  nitric  acid, 
or  with  a  mixture  of  chlorate  of  potash  and  muriatic  acid, — 

C4   CIg  HO2    +    O2    =    HO    +    C2   Clg  C2   Og. 

Further,  chloral  is  to  oxalate  of  chloro-carbon  what  alde- 
hyde is  to  acetic  acid.  This  body,  about  the  constitution  of 
which  there  have  already  been  so  many  opinions  expressed, 
is  also  to  be  considered  as  a  conjoined  compound  of  formylic 
acid  with  perchloride  of  carbon,  C2  Clg  O.2  HO^,  an  opinion 
which  not  only  shows  the  oxidation  to  form  oxalate  of 
chloro-carbon,  but  also  explains  simply  and  sufficiently  the 
origin  of  aldehyde  and  the  known  decomposition  into  per- 
chloride of  formyle  and  formic  acid. 

Perchloride  of  carbon  and  oxalic  acid  can  unite  to  form 
oxalate  of  chloro-carbon,  if  they  are  brought  together  at  the 
moment  of  their  production.  'Ihis  takes  place  if  chloride  of 
carbon  (C  CI)  is  exposed,  under  a  layer  of  water,  with  chlo- 
rine to  the  sunlight.  One  part  of  the  perchloride  of  carbon 
produced  is  decomposed  in  the  nascent  state  by  water  to  form 
muriatic  acid  and  oxalic  acid ;  the  latter  of  which  unites  with 
another  part  of  the  percliloride  of  carbon,  thus — 
2Ca  Clg  \  HO  -f  C  2  CI  3C,^  O, 

4HO   /  allCi 
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The  oxalate  of  chloro-carbon  remains  dissolved  in  water, 
and  may  be  ultimately  separated  from  the  muriatic  acid  mixed 
with  it  and  crystallized,  by  evaporation  i7i  vacuo  over  lime  and 
sulphuric  acid.  The  silver  salt  of  this  acid  does  not  contain 
any  hydrogen  :  it  detonates  by  healing,  and  becomes  black  by 
exposure  in  the  air.  0  396  grm.  left  by  a  red  heat  0*210  grm. 
chloride  of  silver. 

0*658  grm.  burned  with  oxide  of  copper,  produced  0"214< 
grm.  of  carbonic  acid.  These  numbers  correspond  in  100 
parts  to  39*9  of  silver  and  8*9  of  carbon.  The  formula  Ag  O 
+  C2  CI3  C2O3  requires  40*0  silver  and  8*9  of  carbon. 

If  we  admit  these  simple  facts,  then  it  follows  that  the  acetic 
acid,  which  has  been  until  now  only  known  as  a  product  of 
the  oxidation  of  organic  matters,  can  be  also  formed  syntheti- 
cally from  its  elements.  Sulphuret  of  carbon,  chloride  of  car- 
bon, and  oxalate  of  chloro-carbon  are  the  members  which  in 
conjunction  with  the  elements  of  water  constitute  the  means  of 
transition  from  carbon  to  acetic  acid. 

The  oxalate  of  chloro-carbon  can  also  be  changed  like 
the  hyposulphate  of  chloro-carbon  by  the  galvanic  current, 
alkali  being  present,  into  acetic  acid.  I  have  likewise  obtained 
certain  signs  of  the  existence  of  the  corresponding  members 
of  the  hyposulphate  of  chloro-formyle  and  hyposulphate  of 
chlor-elayle,  which  lie  between  the  oxalate  of  chloro-carbon 
and  acetic  acid.  All  these  facts  seem  to  speak  in  its  favour, 
and  make  it  at  the  same  time  highly  probable  that  the  acetic 
acid  is  a  conjoined  compound,  or,  in  other  words,  methyl- 
oxalic  acid,*  HO  +  C2H3,  CgOg. 

I  shall  communicate  these  observations  in  a  future  paper 
after  the  examination  is  terminated. 

It  follows  from  the  above,  that  without  doing  homage  to 
the  new  theory  of  substitution,  we  may  assume,  as  an  un- 
doubted fact,  a  reciprocal  exchange  of  hydrogen  and  chlorine. 
Methyle  or  perchloride  of  carbon  may  be  conjoined  with  hypo- 
sulphuric  acid,  the  character  of  the  compound  will  be  little 
changed  by  it ;  but  nevertheless,  there  is  no  reason  for  sup- 
posing hyposulphate  of  methyle  to  be  hyposulphate  of  chloro- 
carbon,  in  which  hydrogen  takes  the  part  of  chlorine.  The 
assertion  reversed  would  be  equally  true.  It  is  a  constant  fact 
that  several,  perhaps,  isomorphic  combinations  can  be  repre- 
sented as  conjuncts  of  one  and  the  same  acid,  without  an 
essential  change  of  the  acid  properties  of  the  conjoined  body. 
The  organic  bases  containing  chlorine,  which  have  been  newly 
discovered  by  Hofmann*,  may  perhaps  be  elucidated  in  a  simi- 
lar point  of  view. 

*  [Phil.  Mag.  S.  3.  vol.  xxvi.  p.  385.] 
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XXVIII.  On  Toluidine,  a  new  Organic  Base.  By  James 
Sheridan  Muspratt,  Ph.D..,  and  Augustus  William 
HoFMANN,  Ph.D.*^ 

THE  artificial  formation  of  different  compounds  hitherto 
considered  as  exclusively  the  products  of  the  vital  pro- 
cess has  been  during  the  last  ten  years  among  the  most  in- 
teresting results  furnished  by  the  study  of  the  metamorpiioses 
of  organic  bodies.  We  have  found  in  cyanic  acid  and  ammonia 
the  compounds  by  whose  union  tirea  is  produced ;  by  the  ox- 
idation of  uric  acid  with  pure  oxide  of  lead  allantoin  formed, 
a  crystallizable  matter  existing  in  the  allantoic  fluid  of  the 
cow ;  and  salicine  and  Jkisel  oil,,  when  properly  treated  with 
substances  rich  in  oxygen,  furnish  us  the  acids  produced  in 
the  process  of  the  vegetation  of  Spiraa  Ulmaria  and  Valeriana 
officinalis;  and,  lastly,  the  composition  and  properties  of  the 
volatile  oil  of  Gaultheria  procumbens  were  only  necessary  to  be 
known  for  its  artificial  production  to  succeed  immediately  in 
the  hands  of  the  chemist. 

Still  the  greater  part  of  the  researches  made  during  the 
last  ten  years  in  organic  chemistry  have  been  of  a  purely  ana- 
lytical nature.  Although  the  metamorphoses  of  a  consider- 
able number  of  organic  bodies  have  been  studied,  still  this  has 
not  been  with  the  view  of  obtaining  certain  compounds  which 
suggested  themselves  to  the  theoretical  inquirer,  but  rather 
with  the  intention  of  drawing  conclusions  as  to  the  composition 
and  properties  of  the  body  which  was  the  starting-point  of 
the  investigation  from  the  properties  and  nature  of  the  pro- 
ducts of  its  decomposition. 

From  sucii  inquiries  we  have  reaped  a  rich  harvest  of  ex- 
perience, they  have  made  us  somewhat  better  ac(]uainted  with 
the  transformations  which  an  organic  substance  suffers  under 
the  influence  of  the  most  different  agents,  and  have  thus  qua- 
lified us  for  attempting  the  formation  of  a  given  compouiul  in 
one  or  the  otiier  way.  But  few  such  synthetical  experiments 
have  as  yet  been  performed;  it  is  likely  that  a  great  number 
will  be  made  without  success,  wiiich  may  be  probably  owing 
to  suppositions  contrary  to  nature ;  but  it  cannot  be  doubted 
that  we  shall  proceed  in  this  direction  with  greater  certainty 
when  a  number  of  even  unsuccessful  trials  of  this  kind  has 
been  undertaken. 

The  artificial  production  of  bodies  occurring  in  nature 
presents  at  first  a  purely  theoretical  interest,  but  all  will  agree 
that  such  endeavours  may  become  of  the  highest  jiractical 
importance  when  they  consider  those  com))ounds  which  now 
•  Communicated  by  tlic  Chemical  Society;  having  been  renJ  April  7, 
1846. 
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take  a  high  place  in  medicine,  the  arts  and  commerce.  The 
valerianic  acid  is  already  so  often  employed  in  medicine,  that 
its  production  upon  a  large  scale  from  fusel  oil  cannot  long 
be  postponed,  and  this  becomes  the  more  feasible,  as  we  can 
obtain  the  latter  in  such  large  quantities  as  a  secondary  pro- 
duct in  rectifying  distilleries.  Of  what  influence  would  be 
the  invention  of  u  process  for  procuring  the  medicinal  ve- 
getable alkaloids  in  a  simple  artificial  way?  If  a  chemist 
should  succeed  in  transforming  in  an  easy  manner  naphthaline 
into  quinine^  we  would  justly  revere  him  as  one  of  the  noblest 
benefactors  of  our  race. 

Such  a  transformation  has  not  as  yet  succeeded,  but  this 
does  in  nowise  show  its  impossibility.  We  have  become  ac- 
quainted in  the  last  ten  years  with  a  remarkable  series  of  ar- 
tificial organic  bases,  and,  with  the  exception  of  urea,  which 
in  many  respects  differs  from  the  other  organic  bases,  there 
is  none  which  has  been  met  with  in  nature,  but  there  are 
many  among  them  bearing  the  greatest  similarity  with  the  na- 
tural ones  in  properties  and  composition. 

The  artificial  bases  which  we  now  possess  have  been  ob- 
tained in  very  different  ways.  The  first  bases  procured  by 
Liebig*,  jnelamine,  ammeline  and  ammelide^  were  produced 
by  the  decomposition  of  sulphocyanide  of  ammonium  by  heat; 
and  others,  such  as  aniline-\  and  chinoUneXi  were  formed  by 
fusing  alkalies  with  organic  matters,  or  by  distillation  only, 
as  the  first  mentioned  and  lophine,  recently  discovered  by 
Laurent§.  Basic  bodies  have  further  been  produced  by  the 
action  of  ammonia  upon  organic  compounds.  To  these  be- 
long the  Thioshmamine  of  Will  ||,  and  ainarine  obtained  by 
Laurent**  from  the  hydruret  of  benzoyle,  and  another  highly 
remarkable  base  newly  prepared  by  Fownesff  from  the  so- 
called  artificial  oil  of  ants.  Lastly,  chemists  have  succeeded 
in  replacing  the  sulphur  in  sulphuretted  compounds  by  oxy- 
gen, and  thus  obtaining  new  bodies  possessing  basic  properties. 
We  see  examples  of  this  kind  in  si7inamine  formed  by  Var- 
rentrapp  and  Will  from  the  thiosinnamine ;  and  Simon's  «'- 
napolincy  obtained  by  the  desulphuration  of  oil  of  mustard. 

These  modes,  however,  for  the  formation  of  organic  bases 
are  only  applicable  in  a  very  few  cases,  as  the  bodies  from 
which  they  were  derived  were  themselves  more  or  less  insu- 

*  Annul,  dcr  Chem-  und  Pharm.,  vol.  x.  p.  1. 
f  Fritzsche,  Annal.  der  Chem.  imd  Pharm.,  vol.  xxxvi.  p.  84. 
X  Gerhnrdt,  Annal.  der  Chem.  und  Pharm,,  vol,  xlii.  p.  310. 
§   Compt.  liejid,  vol.  xviii.  p.  1016. 
II  Annal.  der  Chem.  und  Pharm.,  vol.  Hi  p.  8. 
**   Compt.  Rend.,  vol,  xix.  p.  353. 

tt  Phil.  Trans.,  1845  [Phil.  Mag.  S.  3.  vol.  xxvi.  p.  254.] 
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lated  and  peculiar,  and  therefore  till  chemists  succeed  in  dis- 
covering more  compounds  of  the  same  classes,  the  formation 
of  basic  bodies  in  this  manner  must  be  limited. 

It  is  quite  different  with  another  method,  by  which  chemists 
have  also  succeeded  of  late  years  in  procuring  basic  bodies. 
Zinin*  was  the  first  who  conceived  the  happy  idea  of  investi- 
gating the  products  produced  by  the  action  of  sulphuret  of 
ammonium  upon  nitrogenous  compounds,  which  latter  were 
procured  by  treating  various  carbo-hydrogens  with  nitric  acid. 
Zinin  investigated  in  this  point  of  view  Laurent's  nitronaphtha- 
lase  obtained  by  the  action  of  nitric  acid  upon  naphthaline,  and 
nitrobenzide,  discovered  by  Mitscherlich,  and  he  arrived  at  the 
remarkable  result  that  these  bodies  lose  their  whole  oxygen 
under  the  influence  of  sulphuretted  hydrogen,  and  in  assuming 
hydrogen  pass  into  combinations,  presenting  in  every  respect 
the  characters  of  true  organic  bases ;  the  two  bases  formed 
by  Zinin  in  the  manner  described,  are  the  iiaphihalidain,  for 
which  Berzeliusf  has  lately  proposed  the  more  appropriate 
name  of  naphtalidine,  and  benzidaiUi  afterwards  recognised  as 
identical  with  aniline.  The  following  comparison  of  formulae 
shows  how  nearly  the  original  compounds  are  connected  with 
the  required  products : — 

Nitronaphthalase  Cgo  H7  NO4  =  ^\A  jjq 
Naphtalidine.     .  C20  Hg  N      =  C^A   .1 
Nitrobenzide      .  C12  H5  NO4  =  C,2^  -j^^x 


Aniline     .    .     .  C,^  H7  N      =  Cigj^^'^ 

By  this  comparison  the  transformation  occurring  through 
sulphuret  of  ammonium  may  be  considered  as  ultimately  a 
substitution  of  the  elements  of  amidogen  for  those  of  peroxide 
of  nitrogen,  independently  of  these  combinations  existing  or 
not  in  the  compounds.  Zinin's  discovery  is  very  remarkable 
in  its  consequences,  and  will,  without  doubt,  become  of  vast 
importance  for  the  group  of  alkaloids.  If  we  consider  how 
large  is  the  number  of  carbo-hydrogens  already  known,  all  of 
which  change  their  composition  when  acted  uj)on  by  nitric 
ncid,  giving  compounds  corresponding  to  nitronaphthalase  and 
nitrobcnziJe ;  then,  supposing  these  products  to  sulier  also  an 
analogous  decomposition  witli  sulphuret  of  ammoniinn,  there 
will  be  no  limit  to  the  production  of  new  bases,  and  we  nuiy 
nulurally  infer  that  even  those  occurring  in  nature  nn'ght  be 

•  /tniuil.  dcr  (J/tciii.  und  I'/iann.,  vol.  xliv.  p.  283. 
+  Jahrcibcr'tclit,  xxii.  p.  /i-l.'i. 
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produced  if  we  only  succeed  in  obtaining  the  appropriate 
carbo-hydrogen. 

A  greater  correspondence  as  to  properties  and  chemical 
character  cannot  be  imagined  than  that  subsisting  between 
aniline  and  the  two  following  bases  :  nicotine  contained  in  the 
fresh  leaves  of  the  tobacco  plant,  and  coniine  found  by  Geiger 
in  all  parts  of  the  hemlock  [Conium  mamlatum). 

According  to  the  analysis  of  Ortigosa  and  Belard,  lately 
corrected  by  Melsens*,  nicotine  is  represented  by  the  formula 

C,o  Hy  N,  » 

and  coniine,  by  Ortigosa'sf  formula,  which  has  yet  to  be 
confirmed,  by  C,«H,«N(?). 

Now  if  we  could  succeed  in  obtaining  the  carbo-hydrogens 

there  would  be  no  difficulty  in  procuring,  in  an  artificial  way, 
nicotine  and  coniine,  i.  e.  by  treating  the  product  of  the  ac- 
tion of  fuming  nitric  acid  upon  the  above  hydrocarbons  with 
sulphuret  of  ammonium.     We  should  have — 
Cjo  Hg  unknown. 


C,A  JVT^^    1- unknown. 


^lolNO^J' 


^io{  NH   ["'cotine. 
Cjg  Hj5  unknown. 
^16 {no  V""known. 


^nhJ- 


conune. 


The  hypothetical  hydro-carbonsabovecited  havenot  hitherto 
been  obtained ;  but  when  we  consider  how  many  decomposi- 
tions yield  carbo-hydrogens,  and  also  that  the  destructive  di- 
stillation of  organic  matters  promises  to  furnish  us  with  an 
inexhaustible  supply  of  these  compounds ;  and  as  we  recog- 
nise daily,  produced  in  these  processes  of  transformation,  new 
bodies  thoroughly  analogous  to  those  looked  for,  we  need  not 
despair  of  obtaining  those  sought ;  and  thus,  by  the  destruc- 
tion of  organic  compounds,  open  a  new  source  for  the  forma- 
tion of  products  generated  in  other  ways,  and  which  are  pro- 
duced in  the  vegetation  of  plants. 

Considerations  such   as  these  have  led  us  to  undertake 

*  Ann.  dcr  Chem.  unci  P/iarni.,  vol.  xlix.  p.  353. 
t  Ibiil.  vol.  xlii.  p.  313. 
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a  series  of  investigations  concerning  the  action  of  sulphuret 
of  ammonium  upon  various  bodies  containing,  like  nitro- 
naphtiialase  and  nitrobenzide,  the  elements  of  peroxide  of 
nitrogen. 

There  occurred  in  this  inquiry  some  questions  the  answers 
to  which  appeared  of  interest.  Above  all,  it  was  necessary  to 
decide  whether  the  transformations  suffered  by  niironaphtha- 
lase  and  nitrobenzide  were  identical  with  those  of  all  simi- 
larly constituted  bodies.  Secondly,  it  was  requisite  to  ascer- 
tain how  hyd£.ocarbons  behave  in  which  more  than  one  equi- 
valent of  hydrogen  is  replaced  by  peroxide  of  nitrogen.  Here 
very  different  results  might  be  imagined.  Lastly,  it  was  of 
the  greatest  value  to  study  the  properties  of  those  bodies  re- 
sulting from  treating  with  sulphuret  of  ammonium  the  pro- 
ducts of  the  action  of  nitric  acid  upon  oxides  of  hydrocarbons. 

The  following  is  the  first  of  a  series  of  investigations  made 
with  regard  to  the  preceding  statements.  The  experiments 
were  performed  in  the  Giessen  laboratory,  and  therefore  we 
cannot  refrain  from  expressing  our  greatest  thankfulness  to 
Professor  Liebig  for  his  kind  assistance  and  counsel  during 
the  course  of  them.  We  commenced  by  a  careful  repetition 
of  Zinin's  experiments  upon  the  formation  of  naphthalidine, 
and  have  procured  this  body  possessing  all  the  properties 
ascribed  to  it  by  that  chemist.  As  to  the  production  of  ani- 
line from  nitrobenzide,  every  information  has  already  been 
given  upon  that  subject*;  in  fact,  we  must  confirm  Zinin's 
statements  in  every  respect.  From  among  the  numerous 
carbo-hydrogens  offering  themselves  for  an  investigation  we 
selected  two,  which,  from  their  particular  analogy  with  benzole, 
seemed  most  appropriate  for  carrying  out  our  object.  These 
are  toluole  and  cumole.  We  simll  in  this  treatise  communicate 
the  experiments  upon  toluole. 

Prej)aration  of  Toluole. 

Toluole  was  some  years  ago  recognised  by  Devillef  among 
the  products  of  the  distillation  of  Tolu  balsam,  and  tiiis  chemist 
described  it  under  the  name  benzoene,  which  indeed  is  not 
happily  chosen.  Berz<;liusJ  has  given  to  this  body  the  name 
toluine  or  toluole,  wiiich  last  we  shall  retain  in  our  commu- 
nications. We  have  proceeded  in  the  preparation  of  toluole 
according  to  llic  directions  of  Doville,  which  we  willingly 
confirm.     Eigjjteen  to  twenty  pounds  of  the  balsam  of  Tolu 

*  Vide  Mofmann't  invcstigntion  upon  Coul-gtW  Naphtha,  Philosophical 
Magaxinc,  vol.  xxiv.  (ip.  ll.*),  1!>8,  SOI, 
+  jinn.  (If  (Mm.  ct  l*hy».  W  •dr.  vol.  ill.  p.  168. 
\  Jahrcihericht,  vol.  xxii.  p.  .'{.')4. 
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were  submitted  to  distillation  in  glass  retorts,  partly  over  an 
open  fire  and  partly  on  a  sand-bath.  There  passes  over  at 
first  aqueous  vapour,  and  when  the  temperature  is  sufficiently 
elevated,  a  large  quantity  of  benzoic  acid  (with  a  slight  admix- 
ture of  cinnamic  acid),  which  solidifies  immediately  in  the 
recipient  into  a  white  crystalline  mass.  As  soon  as  the  fluid 
distilling  over  no  longer  solidified  the  receiver  was  changed, 
and  then  there  condensed  a  yellow  liquid*,  which  is,  accord- 
ing to  Deville,  a  mixture  o^  toluole  and  benzoic  cether.  When 
it  had  cooled — a  quantity  of  benzoic  acid  previously  dissolved 
was  deposited — we  redistilled  and  only  collected  the  portions 
passing  over  from  130° — 140^  C.  This  distillate  is  deprived 
of  the  last  traces  of  benzoic  acid  by  being  repeatedly  distilled 
with  pieces  of  solid  potash.  The  fluid  obtained  in  this  way 
possessed  nearly  all  the  properties  ascribed  by  Deville  to 
toluole.  The  product,  however,  in  this  manner  is  extremely 
small  when  compared  with  the  quantity  of  Tolu  balsam  em- 
ployed. We  have,  on  account  of  this,  endeavoured  to  dis- 
cover another  source  for  getting  the  toluole  in  larger  quan- 
tities, but  without  success ;  we  therefore  deem  it  necessary  to 
mention  this,  as  it  may  spare  perhaps  other  vain  attempts. 

Cahoursf  has  occasionally  found  in  his  investigation  upon 
gaultheria  oil  that  the  salicylate  of  the  oxide  of  methyle,  when 
distilled  with  caustic  barytes,  furnishes  anisole,  the  same  pro- 
duct that  the  anisic  acid  isomeric  with  the  former  yields  under 
the  same  circumstances. 

Ci,.  Ha  Ofi  +  2BaO  =  C,4  H«  O^  +  2(BaO,  CO^). 

V ^ >  , ^ , 

Salicylate  of  the  Anisole. 

oxide  of  methyle.  Dracole. 

This  unexpected  transformation  seemed  to  point  out  a  new 
source  for  the  production  of  manifold  hydrurets  of  carbon,  by 
treating  in  a  similar  manner  the  various  compound  aethers. 

Anisole  differs  only  from  toluole  in  two  equivalents  of 
oxygen. 

Anisole   Cj4  Hg  Og 

Toluole  Cj4  Hg 

The  question  now  presented  itself  as  to  whether  toluole  could 
not  be  produced  by  the  action  of  caustic  barytes  or  caustic 
lime  upon  an  aether  containing  two  equivalents  less  of  oxygen 
than  the  salicylate  of  the  oxide  of  methyle?  Such  an  aether 
is  the  benzoate  of  the  oxide  of  methyle  : — 

*  The  crystalline  mass  collected  in  the  first  receiver  contains  likewise 
a  large  quantity  of  the  same  liquid,  which  can  be  separated  by  mere  distilla- 
tion with  water. 

+  Ann.  de  Chim.  et  de  Phys.  3  ser.  vol.  x.  p.  353. 
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C,6  Hg  O4  +  2BaO  =  C,4  Hg  +  2(BaO,  CO^)? 

Benzoate  of  the  Toluole. 

oxide  of  inethyle.  Benzoene. 

Deville  has  given  benzoate  of  the  oxide  of  ethyle  as  one  of 
the  products  of  distillation  of  Tola  balsam ;  but  if  we  consider 
how  minute  is  the  difference  per  cent,  between  the  ethyle 
and  methyle  compounds  of  benzoic  acid,  as  also  that  Deville 
did  not  either  analyse  the  alcohol  from  the  former,  or  change 
it  into  acetic  acid,  we  may  readily  infer  that  his  compound  is 
not  benzoic  aether,  but  benzoate  of  methyle,  which  by  the 
temperature  acquired  in  the  distillation  is  partly  converted 
into  toluole  and  carbonic  acid.  Considerations  of  this  kind 
prompted  us  to  study  the  action  of  caustic  lime  upon  benzoate 
of  the  oxide  of  methyle.  We  passed  the  vapour  of  this  body 
over  incandescent  lime  previously  strewn  in  a  combustion 
tube,  and  obtained  an  oil  which  was  not  dissolved  by  potash 
ley.  From  its  comportment  and  analysis  it  proved  to  be 
benzole  and  not  toluole.  It  solidified  at  0°  C.  into  a  crystalline 
mass  resembling  loaf-sugar,  and  could  be  converted  readily 
into  aniline.  The  transformation  which  the  benzoate  of  the 
oxide  of  methyle  undergoes  is  therefore  of  a  different  kind, 
and  there  is  probably  generated  olefiant  gas,  or  an  isomeric 
compound,  which  we  did  not  however  collect. 

C,6  Hg  O4  +  2CaO  =  C12  He  +  C^  H^  +  2(CaO,  CO,)  ? 

Benzoate  of  methyle.  Benzole.      Olefiant  gas. 

The  metamorphosis  observed  in  the  salicylate  of  the  oxide  of 
methyle  appears  therefore  to  be  peculiar  only  to  the  aethers 
of  those  acids  whose  hydrates  contain  six  atoms  of  oxy- 
gen. 

Preparation  of  Tolicidine. 

We  acted  upon  toluole  with  concentrated  nitric  acid,  and  on 
the  addition  of  water  procured  an  oily  fluid  perfectly  analo- 
gous to  nitrobenzide.  This  substance  is  nitrotoluide,  and 
when  it  is  dissolved  in  alcohol,  saturated  \\\\\\  ammoniacal 
gas,  treated  with  sulphuretted  hydrogen,  and  then  allowed  to 
repose  in  a  corked  flask  for  some  days,  a  beautiful  crystalliza- 
tion of  sulphur  appears,  and  the  li(|uid  loses  the  smell  of  sul- 
fthurettcd  hydrogen.  It  must  now  be  saturated  anew  with 
lydrosulphuric  acid,  and  this  process  repeated  until  that 
gas  no  longer  disappears.  This  method  is  very  convenient, 
but  tedious,  as  to  obtain  a  sufficient  (juantity  of  the  base  for 
an  invcHligalion  two  or  three  months  are  rccjiiircd.  To  hasten 
the  process,  it  is  necessary,  after  each  trcalnient  with  sul))liu- 
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retted  hydrogen,  to  distil  the  whole  liquid,  whereby  the  depo- 
sition of  sulphur  is  quickened,  although  some  of  the  gas 
escapes  decomposition.  After  the  separation  of  the  sulphur 
the  residue  in  the  retort  must  be  mixed  with  the  distillate,  the 
whole  treated  again  with  hydrosulphuric  acid,  and  distilled. 
This  process  must  be  repeated  five  or  six  times  successively. 
The  decomposition  of  nitrotoluide  by  sulphuret  of  ammo- 
nium, as  well  as  the  bodies  similarly  constituted,  takes  place 
with  great  difficulty.  Even  after  a  very  long  exposure  to  the 
influence  of  sulphuretted  hydrogen  and  endless  distillations,  a 
small  quantity  of  the  nitrotoluide  remains  intact,  which  is 
readily  seen  by  adding  water  to  the  treated  menstruum,  the 
hydrochloric  acid  in  excess  filtering  off  the  sulphur,  and  agi- 
tating the  filtrate  with  aether.  On  evaporating  the  aethereal 
extract,  undecomposed  nitrotoluide  will  remain.  The  dark 
red  acid  solution  remaining,  after  draining  off  the  aethereal 
solution  of  nitrotoluide,  on  being  evaporated  to  about  one-third 
of  its  original  volume,  in  order  to  expel  the  alcohol,  and  then 
submitted  to  distillation  with  sticks  of  potash,  gives  off  in 
addition  to  aqueous  vapour  and  ammonia,  a  colourless  or 
slightly  yellowish  oil,  which  sinks  in  the  receiver  and  solidi- 
fies after  some  time  into  a  crystalline  mass.  This  body  is  a 
new  organic  base,  for  which  we  propose  the  name  toluidine. 
Its  purification  is  very  simple.  The  distillate,  which  was  still 
slightly  alcoholic,  contained  some  of  the  base  in  solution;  we 
therefore  supersaturated  the  whole  with  oxalic  acid,  evapo- 
rated to  dryness  in  a  water-bath,  treated  the  residue  with 
boiling  alcohol,  and  filtered.  The  oxalate  of  toluidine  perco- 
lates through,  while  the  oxalate  of  ammonia,  which  is  insoluble 
in  this  menstruum,  remains.  When  the  filtrate  cools,  the 
oxalate  of  the  new  base  separates  almost  entirely  in  fine  white 
needles.  These  were  edulcorated,  then  dissolved  in  boiling 
water  and  decomposed  by  a  strong  potash  ley.  The  base 
immediately  separated  in  the  form  of  colourless  oil-drops, 
which  after  some  time  rose  to  the  surface  as  an  homogeneous 
layer,  and  in  cooling  solidified  into  a  radiated  crystalline  mass. 
This  was  ejected,  thrown  upon  a  filter,  washed  with  distilled 
water  until  the  liquid  percolating  possessed  no  more  an  alkaline 
reaction,  and  then  desiccated  between  folds  of  bibulous  paper. 
The  dry  crystalline  mass  required  only  to  be  again  rectified 
in  order  to  obtain  it  chemically  pure.  During  this  last  pro- 
cess it  first  melts  and  then  there  distils  over  a  beautiful  fluid 
dispersing  light  in  an  eminent  degree,  and  which,  after  some 
seconds,  solidifies  into  a  colourless  transparent  crystalline 
mass. 
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Composition  of  Toluidine. 

The  perfect  analogy  subsisting  between  benzole  and  toluole, 
so  evident  in  every  point  of  view,  left  in  our  minds  no  doubt 
as  to  the  composition  of  the  new  base.  We  have  notwith- 
standing submitted  it  to  elementary  analysis,  but  have  omitted 
the  determination  of  the  nitrogen. 

By  a  combustion  with  oxide  of  copper,  0*1955  grm.  tolui- 
dine gave  0*5630  grm.  carbonic  acid  and  0*1515  grm.  water. 
Centesimal  ly, — 

Carbon     ....     78*53 
Hydrogen     .     .     .       8*61 
Agreeing  with  the  formula  Cj4  Hg  N;  which  we  append  in 
a  calculated  form. 

Theory.  Found. 


14-  equiv.  Carbon     .     1050*00         78*38  78*53 

9     ...     Hydrogen       212*50  8*39  8*61 

I      ...     Nitrogen  .        177*00  13*23  12*86 


1339-5  100*00  100*00 

In  order  to  control  this  formula,  we  prepared  the  double 
compound  of  the  base  with  chloride  of  platinum.  On  igniting 
this  fine  crystalline  compound,  0*4337  grm.  of  it  gave  0*1372 
grm.  =  31*36  platinum. 

Atomic  weight  from  experiment     1359*50 
Atomic  weight  theoretical     .     .     1339*50 
The  formation  of  toluidine  from  nitrotoluide  is  perfectly 
analogous  to  that  of  aniline  from  nitrobenzide : 

C,4  H7  NO4  +  4  HS=Ci4  Hg  N  +  4  HO  +  6  S 

' , '  * V • 

Nitrotoluide.  Toluidine. 

Properties  of  Toluidine. 

The  new  base,  as  previously  stated,  is  obtained  in  the  form 
of  a  colourless  crystalline  mass.  From  a  hot  saturated  solu- 
tion in  aqueous  alcohol  it  shoots,  upon  cooling,  into  large 
broad  plates,  whiclj  fill  the  whole  menstruum.  It  dissolves  in 
aether,  pyroxylic  spirit,  acetone,  sulphuret  of  carbon,  the  fatty 
and  essential  oils  with  the  same  facility  as  in  alcohol.  Water 
also  dissolves  a  small  (|uanuty  of  toluidine,  particularly  with 
heat,  and  after  some  time  it  separates  in  extremely  small  leafy 
crystals,  exhibiting  a  splendid  iridescence.  On  agitating  with 
ttther  the  base  is  extracted  from  the  water. 

Toluidine  possesses  a  vinous  aromatic  smell  and  burning 
taste.  The  remarkable  correspondence  as  to  smell  and  taste  be- 
tween benzole  and  toluole,  nitrol)cn/idean(l  nitrotoluido,  isalso 
recognised  between  toluidine  and  aniline.     These  bases  could 
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not  possibly  be  distinguished  one  from  the  other  by  smell. 
Toluidine  has  no  action  upon  curcuma  paper,  but  it  colours 
green  the  pigment  of  dahlias.  Reddened  litmus  paper  is 
faintly  blued.  Toluidine  is  heavier  than  water.  It  evapo- 
rates at  all  temperatures,  and  VJ^hen  a  glass  rod  moistened  with 
hydrochloric  acid  is  held  over  it  white  fumes  are  perceptible; 
this  also  takes  place  with  nitric  acid,  but  in  a  less  degree. 
When  pressed  with  the  hand  between  paper  it  leaves  a  slight 
stain,  which  is  however  very  fugitive.  The  fusing-point  of 
this  base  lies  at  40°  C,  the  boiling-point  exactly  at  198°  C. 

Some  years  ago  Professor  Kopp  *  drew  attention  to  the  re- 
markable relation  subsisting  between  the  boiling-points  of 
bodies  whose  composition  differs  in  a  constant  number  of  equi- 
valents of  the  same  elements.  He  found,  for  instance,  that 
the  difference  in  the  boiling-points  of  two  compounds  which 
differ  by  two  equivalents  of  carbon  and  two  equivalents  of 
hydrogen  (Cg  Hg)  is  invariably  19°  C.  Kopp  showed  this  at 
first  by  comparing  the  boiling-points  of  a  vast  number  of 
ethyle  and  methyle  compounds,  and  then  the  numerous  hy- 
drated  acids  differing  in  Cj  Hg.  Since  that  time  this  concur- 
rence between  a  series  of  newly-discovered  aethers  and  acids 
has  been  perfectly  confirmed,  but  it  seems  to  take  place  only 
in  bodies  of  an  analogous  character,  as  remarked  by  Kopp 
and  subsequently  by  Fehlingf. 

We  possess  in  benzole  and  toluole  and  their  derivatives  also 
two  series  of  analogous  bodies,  whose  composition  is  distin- 
guished by  the  constant  difference  C^  Hg.  It  was  of  interest 
to  compare  the  boiling-points  of  these  bodies  in  the  sense  re- 
ferred to. 

Boiling-point.  Difference. 

Benzole  86°  C— Mitscherlich  ...      1      ooo 

Toluole  108°.— Deville J     ^^ 

Nitrobenzide  213°. — Mitscherlich.     .     "1       ^c 
Nitrotoluide  225°.— -Deville  ....     J      ^^ 
Aniline  182°.— A.  W.  Hofmann  . 
Toluidine  198°.— Muspratt  &  Hofmann 
This  comparison  shows  undoubtedly  that  Kopp's  rule  holds 
good  with  regard  to  the  above-cited  bodies. 

The  differences  evidently  arise  from  mistakes  in  observa- 
tion. As  for  the  boiling-points  of  nitrobenzide  and  nitroto- 
luide, the  somewhat  considerable  variation  can  by  nowise  sur- 
prise, knowing  as  we  do  with  what  readiness  bodies  of  this 
nature  undergo  decomposition  when  submitted  to  distillation. 

*  Ann.  der  Chem.  tend  Pharm..\o\.  xlii.  p.  79.  fPhil.  Mae.  S.  3.  vol. xx. 
p.  187.]  I  L  5 

t  Ibid.,yol.  liii.p.  410. 


,}   '^ 
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It  is  very  probable  that  the  boiling-point  of  nitrotoluide  is 
higher,  and  as  for  toluole  its  boiling-point  by  Deville  also  does 
not  appear  exact. 

We  will  prove  in  a  future  paper  that  dracyle,  a  hydro- 
carbon obtained  in  the  destructive  distillation  of  dragon's 
blood  by  Bondault  and  Glenard*,  is  identical  Wiih  toluole. 
Glenard  and  Bondault  give  as  the  boiling-point  of  their  li- 
quid 106^  C.  According  to  this  determination  the  difference 
between  it  and  benzole  would  only  be  20°. 

From  the  preceding  remarks  an  uncertainty  is  removed 
which  has  reigned  with  regard  to  the  boiling-point  of  aniline, 
which  according  to  Fritzsche  is  228°  C. ;  his  product  being 
obtained  from  indigo.  The  foregoing  statement  refers  to  ani- 
line (cyanole)  procured  from  coal-gas  naphtha.  It  is  there- 
fore perfectly  clear  that  there  must  have  been  some  error  in 
Fritzsche's  determination. 

Toluidine  shares  with  aniline,  and  in  general  with  the  bases 
obtained  in  a  similar  manner,  the  property  in  an  acid  solu- 
tion of  imparting  an  intense  yellow  colour  to  fir-wood  and 
the  pith  of  the  elder-tree.  But  it  does  not  afford  the  beau- 
tiful reaction  with  hypochlorite  of  lime  which  characterizes 
aniline;  an  aqueous  solution  of  toluidine  when  mixed  with  li- 
quid chloride  of  lime  gives  a  pinkish  hue.  It  also  differs 
from  aniline  in  its  behaviour  towards  fuming  nitric  acid  and 
chromic  acid.  Toluidine  gives  with  nitric  acid  a  fine  scarlet 
colour,  whereas  aniline  assumes  an  indigo  blue  tinge. 

With  chromic  acid  it  gives  a  reddish  brown  precipitate, 
which  appears  to  be  chromate  of  toluidine.  It  does  not  in- 
flame when  brought  into  contact  with  crystals  of  chromic  acid. 

The  following  will  suffice  as  to  the  behaviour  of  toluidine 
towards  the  solutions  of  the  metallic  oxides. 

Sulphate  and  chloride  of  copper  give  greenish  precipitates, 
possessing  a  crystalline  aspect.  Chloride  of  iron  deposits  hy- 
dratcd  peroxide  of  iron  when  heated  with  toluidine. 

Toluidine  gives  with  nitrate  of  silver  a  white  crystalline 
precipitate,  evidently  a  double  salt,  which  easily  blackens. 
This  base  gives  with  chloride  of  platinum  and  chloride  of  pal- 
ladium beautiful  orange-yellow  crystalline  precipitates,  of 
which  the  latter  is  somewhat  lighter  than  tiio  Ibrmer. 

Toluidine  furnishes  no  particular  appearances  with  other 
reagents. 

Compounds  of  Toluidine. 

The  same  extraordinary  capacity  for  crystallizing  whicii  wo 
have  in  the  salts  of  aniline  also  distinguishes  those  of  toluidine. 

•  Journal  de  Pharm.  et  de  Chcm.,  3  t6r.  vol.  vi.  p.  250. 
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An  alcoholic  solution  of  this  base  solidifies  almost  immediately 
when  mixed  with  most  acids,  and  in  order  to  obtain  the  salts 
in  good  crystals  it  is  only  necessary  to  employ  water  or  spirits 
of  wine  as  the  solvent.  The  compounds  are  inodorous,  and 
with  the  exception  of  the  palladium  and  platinum  salt  co- 
lourless. When  they  are  exposed,  particularly  in  a  moist 
state,  to  the  air,  they  acquire  a  pinkish  hue  like  the  aniline 
compounds.  They  are  decomposed  by  the  caustic  or  car- 
bonated alkalies  and  ammonia  with  the  greatest  facility;  the 
toluidine  separating  in  crystalline  grains. 

The  constitution  of  the  salts  of  toluidine  resembles  that  of 
the  aniline  and  ammoniacal  salts. 

Sulphate  of  toluidine^  SO3  -f  C14  Hg  N,  HO. — Toluidine 
was  dissolved  in  aether  and  then  a  few  drops  of  sulphuric  acid 
added,  when  immediately  a  shining  white  crystalline  precipi- 
tate appeared,  which  was  collected  on  a  filter  and  edulcorated 
with  more  of  the  solvent.  This  salt  is  difficultly  soluble  in 
alcohol,  but  more  readily  dissolved  by  aether. 

Analysis, 

0*4102  grm.  of  sulphate  of  toluidine  gave  0*30 15  grm.  of  sul- 
phate of  barytes  =  25*22  per  cent,  sulphuric  acid. 
This  determination  agrees  with  the  formula 

S03+C,4H9N,  HO, 

as  the  subjoined  comparison  shows. 

Theory.  Found. 

1  equiv.  Sulphuric  acid     500*00         25*60  25*22 

1      ...     Toluidine  .     .  1339-50         68*67 

I     ...     Water  .     .     .     112*50  5*73 

1952*00       10000 

Binoxalate  of  toluidine ^  2  €5  03  +  0,4  Hg  N,  HO +  2  aq. 
— The  salt  obtained  on  mixing  a  solution  of  toluidine  in 
alcohol  with  an  excess  of  oxalic  acid  is  a  binoxalate.  It  ap- 
pears in  silky  needles,  which  are  sparingly  soluble  in  cold 
water  and  alcohol  and  quite  insoluble  in  aether.  This  salt  is 
more  readily  dissolved  by  spirits  of  wine  and  boiling  water. 
The  solution  has  a  strong  acid  reaction  and  a  saline  unplea- 
sant styptic  after-taste.  The  combustion  of  this  compound 
with  chromate  of  lead  afforded  the  following  numbers  : — 

0*3975  grm.  of  the  oxalate  gave  0*7575  grm.  carbonic  acid 
and  0*2120  grm.  of  water. 

Centesimally,— ;- 

Carbon     .     .     .     .     51*99 
Hydrogen     .     .     .       5*90 
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The  formula  of  the  acid  salt  is  in  perfect  accordance  with 
the  above  results,  2  C^  O3  +  C14  Hj,  N,  HO +  2  aq,  which  we 
append  with  the  calculated  composition. 

Theory.  Found. 


18  equiv.  Carbon 

.     .   1350 

52-37 

51' 

■99 

12     ...     Hydrogen 

.     .     150 

5-82 

5 

■90 

1     ...     Nitrogen    . 

.     .     177 

6-97 

9     ...     Oxygen 

.     .     900 

34.-84 

2577       100-00 

In  order  to  verify  the  formula,  we  also  determined  the  ox- 
alic acid  of  the  salt  by  dissolving  a  portion  in  boiling  water, 
supersaturating  with  ammonia  and  adding  chloride  of  calcium. 

0-4835  grm.  of  binoxalate  gave  0-2330  grm.  of  carbonate  of 
liuie  =  34'-33  per  cent,  anhydrous  oxalic  acid. 

Theory.  Found, 


2  equiv.  Oxalic  acid       .     900-00  34-92  34*33 
1      ...     Toluidine     .     .  1339-50  52-01 

3  ...     Water     .     .     .     337-50         13-07 

2577^  100-00 

This  compound  possesses  therefore  the  same  constitution 
as  the  binoxalate  of  ammonia.  Napththalidine  and  chlorani- 
line  form  salts  of  the  same  composition. 

Hydrochlorate  of  toluidine^  CI  H,  Cj4  H^  N. — It  is  ob- 
tained by  evaporating  a  solution  of  toluidine  in  muriatic  acid. 
Upon  cooling  this  salt  deposits  in  scaly  crystals,  which  in  a 
pure  state  are  white,  but  when  exposed  to  the  air  assume  a 
yellowish  colour.  They  dissolve  copiously  in  water  and  al- 
cohol, sparingly  in  oetlier.  The  solution  has  an  acid  reaction. 
When  the  crystals  are  slightly  heated  in  a  tube  they  sublime 
like  sal-ammoniac. 

Analysis  of  the  salt. 

0-3590  grm.  of  hydrochlorate  of  toluidine  gave  0*3568  grm. 
of  chloricle  of  silver  =  25-29  per  cent,  hydrocliloric  acid, 
agreeing  perfectly  with  the  formula  CIH,  C,4  Hg  N,  which  is 
specified  in  the  following  calculated  per  cents.:  — 

1  equiv.  Hydrochloric  acid     455*15        25*36         25*29 
I     ...     Toluidine   .     .     .  1339-50         74*64 

"l79t-65       Voo'-OO 

Platinchloridc  of  Toluidiuc,  CIH,  C,^  H./N  +  Pt  Cl^.— It  is 
obtained  as  an  orunge-ycllow  spangulur  mass  when  toluidine, 
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hydrochloric  acid  and  chloride  of  platinum  are  mixed  toge- 
ther. Tile  crystals  were  washed  with  a  mixture  of  alcohol 
and  aether  and  then  desiccated  in  a  water-bath.  We  have  al- 
ready alluded  to  the  determination  of  the  platinum  in  this 
salt  when  speaking  of  the  atomic  weight.  The  analysis  gave 
31*36  per  cent,  of  platinum. 

The  formula  CIH,  C14  Hg  N  +  Pt  Clg  agrees  with  31-51 
per  cent,  platinum. 

We  have  not  examined  the  other  salts  of  toluidine,  and 
shall  therefore  only  remark  that  the  nitrate  and  phosphate 
are  obtained  in  crystals  on  bringing  the  respective  acids  in 
contact  with  toluidine. 

Products  of  the  Decomposition  of  Toluidine. 

We  should  have  been  exceedingly  glad  to  have  submitted 
toluidine  to  the  action  of  different  agents,  but  the  difficulty  of 
obtaining  this  body  in  sufficient  quantity  prevented  us  from 
satisfying  our  wishes.  We  can  therefore  only  give  a  few  re- 
actions, which  we  had  the  opportunity  of  remarking  during 
the  course  of  the  investigation.  When  the  vapour  of  tolui- 
dine is  passed  over  fused  potassium^  an  energetic  reaction 
ensues,  and  there  is  formed  a  quantity  of  cyanide  of  potas- 
sium, as  was  readily  ascertained  by  the  residue  giving  off'  hy- 
drocyanic acid  when  treated  with  a  mineral  acid.  With  con- 
centrated nitric  acid  the  base  is  decomposed,  and  a  large 
quantity  of  nitrous  acid  eliminated.  On  mixing  the  solution 
with  water,  sulphur-yellow  flakes  are  deposited,  which  dis- 
solve in  alkalies  with  a  brownish-red  colour,  and  reappear  on 
the  .addition  of  an  acid.  This  behaviour  is  analogous  to  that 
of  nitrophenisic  acid,  but  we  are  not  in  a  position  at  present 
to  communicate  anything  more  definite  concerning  this  sub- 
stance. When  this  base  is  treated  with  a  solution  of  bromine 
a  violent  action  ensues,  accompanied  by  an  elevation  of  tem- 
perature and  formation  of  hydrobromic  acid.  When  the 
product  is  heated  in  a  test-tube,  there  sublimes  in  the  upper 
part  white,  shining  needles,  which  are  soluble  in  alcohol  and 
aether,  but  insoluble  in  water.  They  do  not  possess  basic 
properties,  and  behave  in  every  respect  like  tribromaniline; 
it  is  highly  probable  that  their  composition  is  also  similar. 
VVe  have  not  yet  procured  a  sufficient  quantity  of  these  cry- 
stals in  order  to  verify  by  experiment  the  annexed  formula, — 


Ch 


m^- 


The  effect  of  chlorine  upon  toluidine  has  not  been  at  all  stu- 
died, but  it  is  highly  probable  that  in  this  reaction  there  would 
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be  formed  collaterally  with  trichlorotoluidine  derivative  pro- 
ducts of  substitution  of  anisole. 

We  possess  in  the  indigo,  salicyle  and  phenyle  families, 
well-examined  groups  of  organic  bodies,  which  are  in  the  most 
manifold  manner  connected  with  each  other.  There  appears 
to  be  parallel  with  these  another  extended  series  of  corre- 
sponding compounds,  which  differ  only  in  Cg  Hg,  but  as  yet 
there  are  many  interruptions,  so  that  the  group  of  indigo  is 
entirely  wanting. 

In  toluidine  we  have  described  one  member  which  hitherto 
was  unknown ;  the  others  requisite  will  also  certainly  be  dis- 
covered before  long. 

The  following  is  a  view  of  these  two  series  of  compounds : — 

Indigo,  Salicyle  and  Phenyle  series.  Anisyle  series,  &c. 

Indigo   CigHjNOa 

Isatine  Cig  Hj  NO4 

Chlorisatine Ci6|q*|n04 

Diclilorisatine  ^loi  cf  f  ^^4 

Salicylic  acid    C14H6O6  Anisic  acid    CjoIIgOe 

Bromosalicyle  ^"j  Br  f^o      Bromanisic  acid   ^'filBrl^*' 

Dibromosalicyle   ^"IBr   (^s 

Tribromosalicyle  Ci4-|  n^  i-Og 

i':l7Sd'!^:::::::::}^"{No.}°'  ^amsiccid c„{X}o. 

rii«  1 

Wanting   Bromonitrasine Cio^  Br     y 

nXl'eorpi;;nyie::::::}c>.".0,  Amsde C.4H3O, 

B=!tn^-ac^::::::}c^^{!i}0.       Brcnamsole C.{;£}0.(P) 

S^o:3S:radd":::lc-{i!c}«^  «''^— -^« ^"{bU^^ 

Trichlorophcnolc 1p    /^'alo 

Clilorophcnissic  acid    ...  j     '^ICIaJ     ^ 

l'entaciiloro])henolc \q    J  U   \q 

Chlorophcnusic  acid J     "ICisj     - 

K;zt:;?.cia  ■::::::  }c..{".«o.}o.  i>i.i.r.„i,.ic c,.{i'^ojo, 

Trinitrophcnolc    1         rii       1 

Carbazotic  acid r^"]  3^0   i  ^' 

Nitrophenisic  acid    J         '^         *•' 

Authranilic  acid   C14II7NO4 

Salicyiutu  acid C14  II0O4 

Ucnxoic  acid C)4  Iln  O4 

Nitrubcnzuic  acid ^'^  I  NU   1^^ 

Benzole C|,1I.  Toluolc CuII.s 

Stilphnbcnxldc ^"iSO   1  Sulphotoluidc  (?) 

Ilypoiulphobcnzldic  acid  d}  H«  S, O*  Ilypubulphutoluidic  acid.  Cu  II7  Sg  Og 
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Chlorbenzole ^^A^\  I  +3C1H        Products  of  the 

|:  „  3  J  action  of  Chlorine 

Chlorbenzide    ^12  j  cf  I  "^'*^"  Toluole. 


Nitrobenzide Ci2-|  j^q    > 

Binitrobenzide ^>2  j  2NO   f 

Azobenzide   C12H5N 

Aniline  C12H7N 

Bromanilinc ^isIb"}^ 

Dibromaniline  ^vi\  g^   (^ 


Ch{S:}+C1H 
Ch{ci:}+2C1H 

Nitrotoluide ^i'*  1  NO    I 

Binitrotoluide  Ci4-I  ^kq    \ 

Toluidine  ChH^N 


JH, 


}. 


Tribromaniline ^n-S  g^ 

Chlorodibromaniline    ...     Ci2-<  Clj  VN 
[Br  J 

Nitraniline    ^»{n04}^ 


We  have  given  at  the  close  of  the  table  a  body  which  has 
not  yet  been  described.     This  is  the  nitraniline, — 


'12 


{"h}^' 


aniline,  in  which  one  equivalent  of  hydrogen  is  replaced  by 
the  elements  o{ 'peroxide  of  nitrogen.  In  continuing  our  re- 
searches on  the  substitution  products  of  aniline,  and  upon 
which  one  of  us  has  lately  published  *,  we  tried  to  produce  the 
above  compound  in  a  variety  of  ways,  but  we  have  only  ar- 
rived at  a  satisfactory  result  by  acting  upon  binitrobenzide  with 
sulphuret  of  ammonium. 

The  new  body  in  which  the  electro- positive  properties  of 
aniline  are  preserved,  crystallizes,  affords  crystallizable  com- 
pounds possessing  the  same  constitution  as  those  of  aniline,  and 
undergoes  distillation  without  being  decomposed.  Chemistry 
has  no  analogue  to  nitraniline.  It  is  the  first  body  in  which 
basic  properties  are  recognisable  in  spite  of  the  entrance  of 
peroxide  of  nitrogen,  and  does  on  this  account  therefore  de- 
serve the  attention  of  chemists. 

We  shall  shortly  communicate  to  the  Society  our  results 
upon  nitraniline.     In  concluding  this  treatise  we  shall  draw 

*  Hofmann,  Metamorphoses  of  Indigo.     Phil.  Mag.,  vol.  xxvi.  p.  385, 
502. 
Phil.  Mag,  S.  3.  Vol.  27.  No.  1 79.  Sept.  1 845.  O 
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attention  to  a  remarkable  way  for  obtaining  aniline,  and  which 
we  discovered  daring  our  experiments. 

Chemists  are  well  acquainted  with  the  interesting  compound 
Mitscherlich  described  under  the  name  of  azobenzide  in  one 
of  his  beautiful  papers  upon  the  derivatives  of  benzoic  acid. 
He  obtained  this  body  by  distilling  nitrobenzide  with  alcohol 
and  potash,  together  with  other  products  which  were  not  fur- 
ther investigated.  Azobenzide  differs  only  from  aniline  in 
two  equivalents  of  hydrogen. 

Aniline  .     .     .     C12  H7  N 
Azobenzide  .     .     Cj2  H5  N. 

In  order  to  see  if  a  closer  relation  did  not  subsist  between 
these  two  bodies,  we  prepared  large  quantities  of  azobenzide, 
following  Mitscherlich's  directions  throughout,  and  obtained 
this  body,  possessing  all  the  properties  ascribed  to  it  by  that 
chemist. 

On  more  closely  examining  the  secondary  products  formed 
during  this  process,  we  found  that  besides  other  substances 
there  is  likewise  produced  a  very  large  quantity  of  aniline, 
and  the  residue  contains  a  considerable  quantity  o?  oxalic  acid. 

These  observations  appear  to  shed  more  light  upon  tiie 
manner  in  which  the  azobenzide  is  formed,  /.  e.  if  we  assume 
that  the  oxalic  acid  is  produced  from  the  alcohol  at  the  ex- 
pense of  the  oxygen  of  the  nitrobenzide :  2  equivalents  of 
nitrobenzide  and  1  equivalent  of  alcohol  contain  the  elements 
of  1  equivalent  of  azobenzide,  1  equivalent  of  aniline,  2  equi- 
valents of  oxalic  acid,  and  2  equivalents  of  water,  as  shown 
in  the  subjoined  equation, — 

2  (C,a  H5  NO4)  +  C4  U,  O  HO  = 

Nitrobenzide.  Alcohol. 

C,2  H5  N  +  C,2  H7  N  +  2  (Cj  O3,  HO)  +  2  HO. 


Azobenzide.  Aniline.  Oxalic  acid. 

We  ore  far  from  supposing  that  the  above  equation  repre- 
sents the  true  decomposition,  as  other  products  are  formed  ; 
and  further,  the  aniline  distils  over  long  before  a  trace  of  ox- 
alic acid  is  detectable  in  the  retort.  The  true  transformation 
can  only  be  given  when  all  the  products  of  this  complex  re- 
action are  investigated.  We  are  at  present  engaged  upon 
thii  Kubjecti  and  expect  shortly  to  i>ulve  tiie  problem. 


[  195  ] 

XXIX.  Observatiofis  connected  'with  the  Discovery  of  the  Com" 
position  of  Water.  By  Sir  David  Brewster,  K,H., 
F.R.S.,  and  V.P.R.S.  Edin. 

To  Richard  Taylor^  Esq. 
My  dear  Sir, 

I  OBSERVE  in  the  Number  of  the  British  Quarterly  Re- 
view just  published,  a  paragraph  containing  some  very 
unfounded  and  unjust  assertions  respecting  the  discussion 
which  took  place  some  years  ago  on  the  subject  of  the  disco- 
very of  the  composition  of  water.  The  following  is  the  para- 
graph in  which  these  assertions  are  contained : — 

"  Sir  David  Brewster  afterwards  took  up  the  subject  (Edin, 
Review,  No.  142),  and  endeavoured  to  mediate  between  the 
contending  parties,  but  to  little  purpose.  For  he  chose  to  con- 
sider it  as  a  questio7i  of  national  honour^  involving  the  rival 
claims  of  Cavendish  the  Englishman  and  Watt  the  Scotch^ 
man,  and  whilst  he  was  xvillifig  to  divide  the  merit  between 
them,  assigned  to  his  countryman  the  lion's  share." 

Without  questioning  the  author's  courtesy  in  attaching  my 
name  to  an  anonymous  review,  when  his  object  was  to  injure 
my  character  and  wound  my  feelings,  I  have  no  scruple  in 
giving  the  most  pointed  contradiction  to  every  statement  and 
every  insinuation  contained  in  the  preceding  paragraph.  1 
use  the  word  insinuation,  because  it  is  impossible  to  read  the 
paragraph  in  question  without  perceiving,  in  the  language 
employed,  even  if  that  language  had  been  the  vehicle  of  truth, 
the  reviewer's  desire  to  infuse  into  his  statement  a  bitter  per- 
sonality. But  the  assertions  of  the  British  Quarterly  reviewer 
are  equally  offensive  with  the  language  which  conveys  them. 
He  charges  me,  by  name,  with  having  decided  a  great  scien- 
tific question,  interesting  to  the  whole  civilised  world,  frorn 
motives  of  national  feeling, — with  sacrificing  by  a  temporising 
verdict  Cavendish  the  Englishman  to  Watt  the  Scotchman, — 
and,  under  the  pretence  of  dividing  the  merit,  with  assigning 
to  my  countryman  the  liorHs  share. 

Were  I  to  seek  an  apology  for  these  unfounded  aspersions, 
I  should  conjecture  that  the  author  had  not  read  the  review 
which  he  thus  misrepresents,  for  the  very  reverse  of  every 
statement  which  he  makes  is  true.  In  place  of  dividing  the 
merit  of  the  discovery  between  the  Englishman  and  the 
Scotchman,  and  giving  the  lion's  share  to  my  countryman,  / 
have  given  the  whole  merit  of  the  discovery  to  Cavendish  the 
Englishnan,  and  have  reserved  only  for  Watt  the  Scotch- 
man, the  merit  of  the  previous  hypothesis, — a  merit  freely 
given  him  by  Cavendish  himself,  and  one  which  no  other 
person  ever  claimed. 

02 
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In  proo/* of  these  assertions,  I  refer  to  the  following  passages 
in  the  Edinburgh  Review. 

"  Mr.  Watt  felt  a  just  indignation  at  the  idea  suggested  by 
Deluc,  of  his  not  claiming  the  merit  which  belonged  to  his  hy- 
pothesis ;  but  we  are  sure  that  his  astonishment  would  be 
equal  to  ours,  were  he  to  learn  that  that  hypothesis  had  been 
made  to  supersede  and  cast  into  oblivion  the  grand  experi- 
mental discovery  of  Cavendish.  The  great  merits  of  these  two 
great  men  are  fortunately  not  in  collision.  Mr.  Watt  will 
for  ever  enjoy  the  honour  of  that  singular  sagacity  which  pre- 
sented to  him  the  hypothesis  of  the  composition  of  water;  and 
Cavendish  will  never  lose  the  glory  'which  belongs  to  him^  of 
having  given  that  hypothesis,  whether  he  was  cognisant  of  it  or 
not,  the  force  and  stability  of  truth."  If  the  reviewer  should 
perceive  any  ambiguity  in  these  expressions  when  standing 
alone,  he  will  find  their  meaning  amply  explained  in  previous 
parts  of  the  Review,  and  especially  in  the  following  expres- 
sion : — "  The  glory  of  having  discovered  the  composition  of 
water,  that  is,  of  having  established  it  as  a  physical  truth,  Sec. 
&c."  I  have  likewise  stated,  that  "  Mr.  Watt  never  pretended 
to  have  discovered  the  composition  of  water;"  and  a  little 
further  on  I  add,  that  "as  Mr.  Watt  never  wrote  another 
word  on  the  subject,  nor  made  a  single  experiment  after  his 
paper  (the  paper  containing  his  hypothesis)  was  printed,  how 
is  it  possible  to  identify  this  hypothesis  with  the  discovery  of  the 
composition  ofwater'V — No.  142,  p.  496,  Jan.  1840. 

Now  this  decision,  which  in  the  Review  I  have  characterized 
as  "  deliberately  and  impartially  formed,"  is  precisely,  and  in 
terms,  the  very  same  as  that  of  Dr.  Black.  "This  idea," 
says  he,  "of  the  nature  of  water  was  suggested  by  Mr.  Watt; 
Mr.  Cavendish,  however,  was  the  first  who  gave  it  solid  foun- 
dation and  credibility^ — p.  494. 

Having  thus  repelled  the  charges  of  the  reviewer,  I  may 
now  state  the  reasons  why  I  might  have  taken  up  the  subject 
as  the  British  Quarterly  reviewer  expresses  it,  even  if  I  had 
not  been  compelled  to  discuss  it  in  a  review  of  the  Life  and 
Inventions  of  Mr.  Watt.  In  the  year  1819,  immediately  after 
Mr.  Walt's  death,  his  friends  submitted  to  Dr.  Hope  and 
myself  his  claims  to  the  discovery  of  the  composition  of  \^ater. 
After  a  careful  examination  of  the  documents  on  wliich  these 
claims  were  founded,  we  came  to  the  decision  that  the  merit 
of  the  discovery  belonged  to  Mr.  Cavendish.  This  decision, 
however,  was  not  satisfactory  to  Mr.  Walt's  friends,  and  we 
accordingly  find  a  detailed  stntcment  of  his  claims  in  the  bio- 
graphical sketch  of  him  published  in  the  Supplement  to  the 
Encyclopedia  Britannica.     This  statement  was  reprinted  by 
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me  in  the  life  of  Mr.  Watt  in  the  Edinburgh  Encyclopae- 
dia, and  upon  that  statement  I  made  the  following  observa- 
tions:— 

"  We  have  copied  the  preceding  statement  as  that  of  Mr. 
Watt's  friends,  but  a  regard  for  the  reputation  of  Mr.  Caven- 
dish, independent  of  higher  motives,  compels  us  to  acknow- 
ledge that  the  statement  is  partial,  and  the  argument  not  well- 
founded.  We  are  not  able,  at  present,  to  refer  to  the  original 
documents,  but  we  had  occasion,  some  years  ago,  along  with 
a  distinguished  chemist  (Dr.  Hope),  to  examine  them  with 
minute  attention ;  and  it  was  tjien  our  decided  conviction, 
that  the  merit  of  the  discovery  of  the  composition  of  water  be- 
longed to  Mr.  Cavendish." — Edin.  Encycl.,  vol.  xviii.  p.  786. 

These  observations  will,  1  trust,  convince  every  candid 
reader  that  the  reviewer's  charges  against  me  are  utterly 
groundless.  Although  Mr.  Watt  was  my  countryman,  and 
my  personal  friend  and  correspondent;  although  I  cherished 
for  him  the  warmest  affection,  and  admired  him  as  one  of  the 
greatest  and  best  men  of  his  age,  I  have  at  three  different 
times  of  my  life  come  to  the  decision  that  he  was  not,  and 
that  Cavendish  was  the  discoverer  of  the  composition  of  water. 
Had  I  been  disposed  to  sacrifice  truth,  under  the  influence  of 
national  and  personal  feelings,  I  might  have  found  a  safe 
shelter  behind  the  broad  shield  of  M.  Arago  and  Lord 
Brougham's  authority,  and  would  thus  have  avoided  the  an- 
noyance of  rebutting  the  calumnies  of  the  British  Quarterly 
reviewer. 

I  am,  my  dear  Sir, 

Ever  most  faithfully  yours, 
St.  Leonard's  College,  St.  Andrews,  D.  BreWSTER. 

August  8, 1845. 

XXX.  Observatio?is  on  Ozone  as  compared  to  Chlorine. 
Bt/  Professor  Schcenbein  of  Basle. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

MANY  properties,  and  the  most  essential  ones  belonging 
to  ozone,  are  so  similar  to  those  possessed  by  chlorine, 
that  I  was  led  to  suspect  ozone  to  be  a  simple  halogenous  body 
like  chlorine*.  My  more  recent  researches  having  rendered  it 
highly  probable,  if  not  altogether  certain,  that  ozone  is  a  pe- 
culiar compound  of  hydrogen  and  oxygen,  1  can  no  longer 
maintain  my  former  view,  and  we  must  place  ozone  far  away 
from  chlorine,  in  case  we  regard,  according  to  the  established 

*  The  nature  and  properties  of  ozone  have  been  described  in  vol.  xvii. 
p.  293,  vol.  XX.  p.  64,  and  vol.  xxiv.  p.  466  of  the  present  series. — Eu. 
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theory  of  the  day,  the  latter  body  as  an  elementary  one.  The 
elementary  nature  of  chlorine  having,  however,  by  no  means 
been  proved  by  any  decisive  fact,  and  it  being  well  known  that 
all  the  reactions  produced  by  that  body  can  be  accounted  for 
by  the  theory  of  BerthoUet,  just  as  well  as  by  the  hypothesis 
set  up  by  your  illustrious  countryman,  it  seems  to  me  that  the 
existence  of  ozone  ought  to  induce  chemists  to  reconsider  the 
two  once-rival  theories,  and  make  them  the  subject  of  a  very 
close  examination. 

It  was  chiefly  from  reasons  of  theoretical  simplicity  and 
analogies,  that  chemists  were  determined  to  give  up  the  old 
theory  and  adopt  the  new  one,  cyanogen  forming  with  mer- 
cury a  compound  similar  to  that  produced  by  chlorine  with 
the  same  metal ;  cyanogen  constituting  with  oxygen  and  hy- 
drogen two  acids  bearing  some  analogy  to  the  chloric  and 
hydrochloric  acids,  the  readily  oxidable  carbon  remaining, 
even  at  the  highest  temperature,  inactive  towards  chlorine,  the 
muriatic  acid  of  BerthoUet  having  never  been  isolated,  and 
the  views  of  Davy  offering  a  very  great  facility  in  explaining 
the  reactions  of  chlorine ;  these  were  the  reasons  which  induced 
chemists  to  abandon  the  old  theory  and  admit  the  present  one. 
In  doing  so  they  sacrificed  a  sum  of  analogies  much  larger 
than  that  on  account  of  which  the  new  hypothesis  was  adopted. 
The  numerous  class  of  muriatic  salts  that  bear  so  close  an 
analogy  to  what  we  call  oxy-salts,  could  no  longer  be  parallel- 
ed to  the  latter ;  nay,  on  account  of  the  striking  resemblance 
existing  between  those  two  classes  of  salts,  chemists  saw  them- 
selves, as  it  were,  forced  to  change  the  views  they  had  for- 
merly taken  of  the  oxy-salts  and  oxy-acids,  and  imagine  a 
great  number  of  compound  halogenous  bodies  being,  as  to 
their  chemical  character,  similar  to  chlorine  and  cyanogen. , 
But  up  to  this  present  moment  not  one  of  those  imagined  ha- 
logenous bodies  has  yet  been  produced  in  an  isolated  state,  any 
more  than  the  anhydrous  muriatic  acid  of  BerthoUet.     It  ap- 

f)ears,  therefore,  that  there  are  at  least  as  many  arbitrary  and 
lypothetical  notions  mixed  up  with  the  modern  views  as  there 
were  in  the  old  theory,  and  that  in  this  respect  Davy's  idea 
does  not  offer  peculiar  advantages  over  that  of  Bcrthollet. 

Before  entering  into  an  appreciation  of  both  rival  theories, 
I  shall  take  the  liberty  to  point  out  once  more  the  very  great 
similarity  existing  between  the  properties  of  ozone  and  chlo- 
rine. 

1 .  Though  we  are  not  yet  acquainted  with  ozone  in  its  pure 
condition,  we  nevertheless  know  tliat  at  the  common  tempera- 
ture it  exists  in  a  gaseous  state  like  ciilorine. 

2.  Ozone  when  concentrated  has  an  odour  very  similar  to 
tlmt  of  chlorine,  bromine  and  iodine. 
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3.  Ozone,  like  the  three  last-named  bodies,  enjoys  the  power 
of  negatively  polarizing  gold  and  platinum. 

4.  Ozone,  like  chlorine,  is  absorbed  at  the  common  tempe- 
rature by  most  metallic  substances. 

5.  Ozone,  like  chlorine,  is  readily  taken  up  by  phosphorus 
at  the  common  temperature,  causing  at  the  same  time  a  disen- 
gagement of  light  and  some  heat. 

6.  Ozone,  Hke  chlorine,  is  absorbed  by  iodine. 

7.  Ozone,  like  chlorine,  very  easily  unites  with  olefiant  gas, 
producing  a  compound  which  seems  to  be  analogous  to  the 
chloride  of  hydrocarbon. 

8.  Ozone,  like  chlorine,  has  the  power  of  decomposing  sul- 
phuretted hydrogen,  and  other  compounds  of  hydrogen  simi- 
larly constituted. 

9.  Ozone,  like  chlorine,  transforms  sulphurous  acid  into 
sulphuric  acid. 

10.  Ozone,  like  chlorine,  decomposes  the  iodide  of  potas- 
sium and  the  ferro-cyanuret  of  the  same  metal. 

11.  Ozone^  like  chlorine,  being  placed  in  contact  with  the 
protoxides  of  a  number  of  metals,  converts  them  into  the  cor- 
responding peroxides.  The  protoxides  of  lead,  manganese 
and  nickel,  for  instance,  are  transformed  into  the  peroxides 
both  by  ozone  and  chlorine. 

12.  Ozone,  like  chlorine,  discharges  the  colour  of  many 
sulphurets,  for  instance,  that  of  the  sulphurets  of  lead  and  an- 
timony. 

13.  Ozone,  like  chlorine,  destroys  completely,  and  with 
great  energy,  all  the  vegetable  colouring  matters. 

14.  Ozone,  like  chlorine,  is  readily  taken  up  by  a  variety 
of  other  organic  substances,  for  instance,  by  the  ligneous  ones, 
albumen,  fibrine,  caseous  matter,  &c. 

15.  Ozone,  to  finish  the  comparison,  being  inhaled,  causes 
catarrhal  affections,  very  similar  to  those  produced  by  chlo- 
rine. 

Now,  as  there  can  be  hardly  any  doubt  that  the  reactions 
just  mentioned  are  due  to  part  of  the  oxygen  contained  in 
ozone,  and  as  there  is  not  one  single  fact  known  which  is  ir- 
reconcilable to  Berthollet's  theory,  we  must  think  it  at  least 
possible  that  the  chemical  effects  produced  by  chlorine  may 
also  depend  upon  the  oxygen  supposed  to  be  contained  in  oxy- 
muriatic  acid. 

In  a  theoretical  point  of  view  it  is  a  most  important,  and,  I 
may  add,  by  far  too  little  an  appreciated  fact,  that  free  or  iso- 
lated oxygen  happens  to  be  much  less  apt  to  unite  with  oxid- 
able  substances  than  oxygen  in  a  certain  state  of  combination. 
In  proof  of  the  correctness  of  my  assertion,  I  need  only  call 
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to  mind  certain  acids  and  peroxides.  Half  the  oxygen  con- 
tained in  chromic  acid  exhibits  such  a  high  degree  of  chemical 
excitement,  that  at  the  common  temperature  it  sets  on  fire, 
not  only  aether  and  alcohol,  but  also  ligneous  substances,  as 
paper  and  wood;  whilst  under  the  same  circumstances,  free 
oxygen  does  not  act  at  all,  or  at  any  rate  very  slowly  upon 
the  above  substances.  Nitric  acid  offers  a  similar  instance ; 
and  the  peroxides  of  lead  and  manganese  being  put  in  contact 
with  a  solution  of  indigo,  destroy,  like  chlorine,  that  colour- 
ing matter;  and  the  same  peroxides,  when  brought  into  the 
presence  of  a  solution  of  iodide  of  potassium,  eliminate  iodine. 
But  the  most  striking  instance  of  the  exalted  oxidifying  power 
of  latent  oxygen  we  have  in  ozone  itself.  The  affinities  of  free 
oxygen  are  generally  called  forth  by  the  agency  of  heat,  so 
that  at  the  common  temperature  even  potassium  is  not  acted 
upon  by  oxygen,  if  the  latter  happens  to  be  completely  an- 
hydrous. 

Starting  from  the  hypothesis  of  BerthoUet,  according  to 
■which  chlorine  is  composed  of  muriatic  acid  and  oxygen,  we 
can  easily  conceive  why  chlorine  at  the  common  temperature 
acts  upon  so  great  a  number  of  oxidable  substances.  The 
oxygen  being  latent  in  chlorine,  is  in  a  state  of  great  chemical 
excitement,  similar  to  that  in  which  the  same  element  exists 
in  ozone,  chromic  acid,  nitric  acid,  the  metallic  peroxides, 
&c. ;  and  in  which  state  oxygen  is  so  very  apt  to  unite,  even 
at  the  common  temperature,  with  most  of  the  oxidable  mat- 
ters. If  these  substances  happen  to  be  of  such  a  kind  as  to 
combine  readily  in  their  oxidized  condition  with  the  muriatic 
acid  of  the  older  chemists,  which  is  the  case  with  hydrogen, 
phosphorus,  sulphur,  and  the  greater  part  of  the  metals, 
that  circumstance  must  prove  an  additional  reason  why,  in 
most  instances,  oxymuriatic  acid  acts  at  the  common  tempe- 
rature upon  those  bodies.  There  are  two  facts  that  liave,  as 
already  observed,  much  contributed  to  set  aside  Berthollet's 
views,  and  gain  to  oxymuriatic  acid  the  reputation  of  being  a 
simple  body.  'I'hose  facts  are,  the  chemical  inactivity  exhi- 
bited by  chlorine  towards  carbon,  and  the  discovery  of  cya- 
nogen. As  to  the  difficulty  arising  out  of  the  first  fact,  it  is 
easily  removed  by  admitting  that  anhydrous  nuniatic  acid 
unites  only  in  one  proportion  with  carbonic  acid  to  form  what 
Davy  called  phosgene  gas,  and  tliat  there  does  not  exist  a 
compound  consisting  of  muriatic  acid  and  carbonic  oxide. 
These  suppositions,  taken  together  with  Berthollet's  view,  ac- 
cording to  which  muriatic  acid  cannot  l)e  obtained  in  an  iso- 
lated state,  satisfactorily  account  for  the  inactivity  alluded  to. 
Oiving  anhydrous  muriutic  acid  the  sign  M,  we  must  consider 
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chlorine  as  M  +  O.  Now  C  with  M  +  O  might  possibly  pro- 
duce CO+M,  but  no  such  compound  existing,  according  to 
our  supposition,  chlorine  does  not  act  upon  carbon.  C  with 
2M  +  0  could  form  CO2+2M,  but  no  such  compound  like- 
wise existing,  only  CO2+  M  could  be  produced ;  but  we  easily 
see  that  in  such  a  case  M  would  consequently  be  set  at  liberty, 
that  M,  however,  not  being  able  to  exist  in  an  isolated  state, 
chlorine  must  prove  chemically  inactive  towards  carbon. 

As  to  cyanogen,  it  certainly  cannot  be  denied,  that  with  re- 
gard to  some  of  its  chemical  bearings,  that  compound  exhibits 
a  close  analogy  to  chlorine ;  and  we  can  easily  conceive  how 
such  a  fact  could  induce  Berzelius  to  adopt  the  new  doctrine, 
after  having  so  ably,  and  with  so  much  tenacity,  defended  the 
old  theory. 

But  in  paralleling  cyanogen  to  chlorine,  chemists  were 
forced  to  admit,  that  in  some  cases  a  compound  body  is  capa- 
ble of  acting  the  part  of  an  elementary  substance ;  and  indeed 
a  very  extensive  use  has  lately  been  made  of  such  an  admis- 
sion to  account  for  a  great  number  of  facts  belonging  to  or- 
ganic chemistry,  though  not  one  single  organic  element  has 
been  produced  in  an  isolated  state,  for  as  far  as  I  know,  no- 
body has  as  yet  seen  either  ethyle,  formyle,  benzyle,  or  any 
other  yle*.  In  order  to  establish  an  analogy  between  cyano- 
gen and  chlorine,  according  to  the  principles  of  Berthollet's 
theory,  we  must  admit  that  the  former  contains  oxygen ;  but 
cyanogen  yielding  nothing  but  nitrogen  and  carbon,  from 
whence  shall  we  take  oxygen  ?  Starting  from  Berzelius's  hy- 
pothesis, according  to  which  nitrogen  consists  of  one  equivalent 
of  an  elementary  substance  called  Nitricum  and  one  equivalent 
of  oxygen,  we  can  conceive  how  cyanogen  might  be  a  com- 
pound similar  to  oxymuriatic  acid.  Cg  N  (by  N  we  note  the 
nitricum  of  Berxelius)  is  to  be  considered  as  a  body  analo- 
gous to  M,  and  as  M  +  O  is  =  CI,  so  is  CgN  +  O  =  Cy.  In 
combining  cyanogen  with  potassium,  the  latter  takes  up  the 
oxygen  of  the  cyanogen,  and  Cg  N  combines  with  the  oxide 
just  in  the  same  way  as,  agreeably  to  the  old  theory,  the  oxy- 
gen of  the  oxymuriatic  acid  unites  with  the  metal,  and  the 
muriatic  acid  with  the  oxide.  In  decomposing  cyanide  of  mer- 
cury, the  oxygen  of  the  oxide  of  that  metal  unites  with  Cg  N  to 
form  C2  N  +  O  =  Cy .  In  exposing  cyanogen  to  the  action  of 
intense  heat,  it  is  resolved  into  carbon  and  N  +  O  or  nitrogen. 
1  need  not  say,  that  on  this  hypothesis  what  is  called  anhy- 
drous hydrocyanic  acid  must  be  considered  as  CgNH-  HO,  as, 
according  to  the  old  doctrine,  anhydrous  hydrochloric  acid 
*  Prof.  Schoenbein  forgets  that  kakodyle  has  been  isolated. — Eo. 
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must  be  taken  for  M  +  HO.  This  view  of  the  nature  of  cya- 
nogen offers,  in  my  opinion,  the  advantage  of  assigning  a 
similar  constitution  to  two  bodies,  being,  as  to  their  chemical 
bearings,  so  very  like  each  other,  whilst  the  established  theory 
is  forced,  in  spite  of  that  similarity,  to  consider  one  of  those 
bodies  as  an  elementary  substance,  and  the  other  as  a  com- 
pound consisting  of  principles  which  differ  from  chlorine  as 
much  as  night  from  day. 

If  we  compare  the  compounds  which  oxygen  forms  with 
elementary  bodies  with  the  compounds  which  chlorine  pro- 
duces with  the  same  substances,  we  cannot  but  be  struck  by 
the  similarity  existing  between  both  series  as  regards  the 
ratio  in  which  the  equivalents  of  their  constituent  parts  are 
united.  If  we  except  the  bromides,  iodides,  and,  to  a  certain 
extent,  the  sulphurets,  there  are,  to  my  knowledge,  no  other 
sets  of  compounds  that  bear,  with  respect  to  the  relation  al- 
luded to,  so  close  an  analogy  to  each  other  as  the  oxides  and 
chlorides  do.  That  similarity  loses,  however,  its  peculiar  cha- 
racter so  soon  as  we  admit  the  correctness  of  the  old  views. 
According  to  them,  it  is,  as  it  were,  a  matter  of  course  that 
chlorine  unites,  for  instance,  with  iron  in  the  same  definite 
proportions  as  oxygen  combines  with  that  metal ;  for  CI  being 
M  +  O,  protochloride  of  iron  is  =M  +  FeO,  and  theperchlo- 
ride  3^  +  Te^O^. 

It  is  a  very  remarkable  exception  to  that  rule  according  to 
which  no  elementary  substance  forms  a  real  chemical  com- 
pound with  water,  that  chlorine  and  bromine  produce  hy- 
drates. If  we  take  chlorine  and  bromine  for  compound  sub- 
stances, their  capability  of  chemically  uniting  with  water  loses 
its  exceptional  character  and  comes  under  the  general  rule. 

Admitting  with  Berlhollet  that  chlorine  is  muriatic  acid 
united  to  oxygen,  and  considering  ozone  as  a  compound  ana- 
logous to  chlorine,  we  are  obliged  to  parallel  water  to  mu- 
riatic acid,  and  admit  that  with  regard  to  oxygen,  water  acts 
the  same  part  as  muriatic  acid  does.  Water  uniting  so  inti- 
mately with  the  stronger  bases  that  these  compounds  cannot 
be  decomposed  by  any  degree  of  heat,  and  the  same  substance 
combining  so  readily  with  many  other  basic  oxides,  water  may 
be  considered  as  a  sort  of  acid ;  and  that  view  has  very  often 
been  token  of  the  chemical  nature  of  the  compound  mentioned. 
We  may  tlierefore  be  allowed  to  consider  water  as  an  acid  and 
arrange  it  beside  muriatic  acid.  As  to  ozone,  it  appears  not  un- 
likely that  it  is  an  isomeric  modification  of  peroxide  of  hydro- 
gen, /.  c.  composed  of  one  e(iuivalent  of  water  and  one  ecjuiva- 
lent  of  oxygen.  Now  chlorine  being  considered  as  a  compound 
consisting  of  one  equivalent  of  muruitic  acid  and  one  equivalent 


Prof.  Schoenbein  on  some  Properties  of  Ozone.        203 

of  oxygen,  it  is  very  easy  to  parallel  to  each  other  the  re- 
actions exerted  both  by  ozone  and  chlorine  upon  metallic 
substances.  Let  us  take  potassium  for  an  instance :  ozone  is 
readily  taken  up  by  that  metal,  hydrate  of  potash  being  pro- 
duced, as  potassium  is  transformed  by  chlorine  into  a  muriate 
of  potash;  in  one  case  the  metal  unites  with  the  oxygen  of 
ozone,  in  the  other  with  that  of  chlorine;  and  in  one  instance 
water  unites  with  the  base,  and  in  the  other  muriatic  acid. 
The  latter  being  a  strong  acid  completely  neutralizes  the  basic 
properties  of  potash,  whilst  water,  on  account  of  its  being  a 
feeble  acid,  is  not  able  to  do  so.  In  a  similar  manner  all  the 
other  chemical  reactions  exhibited  by  ozone  and  chlorine,  may 
very  easily  be  compared  to  each  other.  The  greater  energy 
of  action  exhibited  by  chlorine  is  not  very  difficult  to  be  ac- 
counted for.  Muriatic  acid  has  a  very  powerful  affinity  for 
metallic  oxides,  whilst  that  of  water  for  the  same  substances 
happens  to  be  much  weaker. 

A  fact  which  merits  attention  is  the  formation  of  ozone  and 
chlorine  being  effected  by  electrical  means.  If  electrical 
sparks  are  caused  to  pass  through  a  mixture  of  aqueous  va- 
pour and  oxygen,  ozone  is  generated ;  and  on  making  electrical 
sparks  act  upon  a  mixture  of  anhydrous  hydrochloric  acid  and 
oxygen,  chlorine  is  produced.  As  to  the  generation  of  chlo- 
rine effected  by  electrical  means,  the  old  theory  accounts  for 
it  by  admitting  that  electricity  has  the  power  of  determining 
free  oxygen  to  combine  with  muriatic  acid  and  eliminate  water. 
Regarding  the  formation  of  ozone  under  the  circumstances 
above  mentioned,  we  cannot  explain  it  in  any  other  way  than 
by  saying,  that  electricity  causes  the  direct  union  between 
water  and  oxygen.  The  similarity  existing  between  the  be- 
fore-mentioned ways  of  producing  ozone  and  chlorine  is  at 
any  rate  a  very  remarkable  fact,  establishing  another  analogy 
between  both  bodies. 

My  experiments  have  shown,  that  in  electrolysing  water 
ozone  is  disengaged  at  the  positive  electrode  as  a  secondary 
product.  Now  by  subjecting  hydrochloric  acid  to  the  action 
of  a  current,  chlorine  happens  to  be  set  free  at  the  same  elec- 
trode. According  to  the  old  theory  this  chlorine  must  also 
be  considered  as  a  secondary  product  of  electrolysis;  and  in 
this  respect  another  striking  analogy  is  exhibited  between  chlo- 
rine and  ozone. 

The  question  is,  whether  phosphorus  acts  upon  a  mixture 
of  muriatic  acid  gas  and  oxygen  in  the  same  way  as  that  sub- 
stance does  upon  a  mixture  of  aqueous  vapour  and  oxygen. 
1  have  not  yet  tried  the  experiment,  though  it  is  worth  while 
to  do  so. 
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The  electro-chemical  system,  as  established  by  Berzelius, 
places  oxygen  at  the  head  of  what  are  called  the  electro-ne- 
gative elements,  and  puts  chlorine  in  a  positive  relation  to  that 
body.  It  is  however  a  well-known  fact,  that  in  a  great  num- 
ber of  cases,  chlorine,  with  respect  to  its  electro-negative  acti- 
vity, very  much  surpasses  oxygen.  Chlorine  is  capable  of 
expelling  oxygen  from  a  great  number  of  oxides  ;  chlorine 
eliminates  bromine  and  iodine  from  the  bromides  and  iodides, 
whilst  pure  oxygen  seems  not  to  act  upon  those  compounds. 
In  spite  of  these  exalted  electro-negative  powers  possessed 
by  chlorine,  it  is  apt  to  produce  with  oxygen  a  series  of  acids 
in  which  chlorine  is  said  to  act  the  part  of  an  electro-positive 
principle.  I  ask,  how  is  it  possible  that  in  some  cases  chlorine 
proves  to  be  a  more  electro-negative  body,  and  in  another  in- 
stance a  more  positive  one  than  oxygen  ?  It  seems  to  me  that 
the  facts  alluded  to  are  very  little  in  accordance  with  the  prin- 
ciples of  the  electro-chemical  system;  nay,  that  they  imply  a 
direct  contradiction  to  them,  provided  chlorine  be  taken  for 
a  simple  substance.  But  if  we  consider  it  as  oxymuriatic 
acid,  all  the  anomalies  spoken  of  disappear,  and  we  can  easily 
account  for  the  reactions  produced  by  chlorine.  The  oxygen 
disengaged,  for  instance,  during  the  reaction  of  chlorine  upon 
potash,  comes  from  the  oxygenized  muriatic  acid,  and  not 
from  the  potash ;  and  the  decomposition  of  the  former  is 
effected  by  the  strong  affinity  which  potash  has  for  muriatic 
acid.  Those  who  maintain  that  there  is  some  truth  in  the 
principles  of  the  electro-chemical  system,  must,  I  think,  be 
inclined  to  readopt  the  views  of  Bertholiet,  in  order  to  save 
their  endangered  theory. 

Before  concluding,  1  shall  take  the  liberty  to  add  some  ge- 
neral considerations  regarding  the  subject  I  have  treated  of. 
By  regarding  chlorine  as  an  elementary  substance,  one  of  the 
greatest  theoretical  changes  that  ever  took  place  in  the  history 
of  chemistry  was  effected.  Indeed,  by  Davy's  theory,  oxygen 
lost,  if  I  may  say  so,  its  royal  dignity  amongst  the  elements ; 
and  at  any  rate  a  very  powerful  rival  was  set  up  in  chlorine. 
Oxygen  was  no  more  the  body  exclusively  enjoying  the 
privilege  of  being  the  generator  of  ocids,  the  supporter  of 
combustion,  &c. ;  that  privilege  was  also  claimed  for  the  up- 
start. But  if  there  should  be  found  good  reasons  for  giving 
up  Davy's  hypothesis  and  reado})ting  the  old  doctrine,  we 
could  liurdly  help  restoring  oxygen  to  its  ancient  dignities, 
and  considering  it  again  as  an  agent  that  has  not  its  equal 
amongst  the  rest  of  tneeleuuaUaiy  bodies.  To  sneak  without 
metapiior,  oxygen  would  become  again  one  of  the  centres  of 
chemistry,  os  it  formerly  was,  and  as  most  likely  iiydrogen 
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may  be.  Indeed  both  substances  bear  so  much  the  stamp  of 
simplicity,  they  exhibit  so  decided  a  chemical  antagonism 
towards  each  other,  both  of  them,  conjointly  with  their  remark- 
able product  "water,"  act  throughout  the  domain  of  our  science 
so  extensive  and  important  a  part,  that  we  can  hardly  help 
suspecting  them  to  be  active  in  some  way  or  other  in  most,  if 
not  in  all  chemical  reactions, and  seeing  in  oxygen  and  hydrogen 
the  hinges  upon  which  the  whole  chemical  world  turns.  The 
theory  of  Davy,  seducing  and  plausible  as  it  appears  at  first 
sight,  has  possibly  proved  a  check,  rather  than  a  spur,  to  the 
development  of  chemistry,  on  account  of  its  having  changed, 
perhaps,  the  true  point  of  view  from  which  oxygen  ought  to 
be  looked  at.  For  if  oxygen  should  happen  to  act  that  all- 
important  part  which  Lavoisier  and  the  chemists  of  the  last 
century  assigned  to  that  element,  it  is  not  difficult  to  see  that 
the  views  of  Davy  are  calculated  to  retard  the  progress  of 
theoretical  chemistry  rather  than  to  accelerate  it. 

I  need  not  say,  that  the  considerations  I  have  taken  the 
liberty  to  submit  to  you  have  been  entered  into  with  the  view 
only  of  drawing  the  attention  of  philosophers  towards  a  sub- 
ject which  seems  to  me  to  be  of  considerable  theoi'etical  im- 
portance, and  worthy  of  our  study. 

C.   F.  SCH(ENBEIN. 


XXXI.  0«  the  Existence  of  an  Equivalent  Relation  between 
Heat  and  the  ordinary  Forms  qf  Mechanical  Pomer.  By 
James  P.  Joule,  Esq, 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

nPHE  principal  part  of  this  letter  was  brought  under  the 
-■•  notice  of  the  British  Association  at  its  last  meeting  at 
Cambridge.  1  have  hitherto  hesitated  to  give  it  further  pub- 
lication, not  because  1  was  in  any  degree  doubtful  of  the  con- 
clusions at  which  I  had  arrived,  but  because  I  intended  to 
make  a  slight  alteration  in  the  apparatus  calculated  to  give 
still  greater  precision  to  the  experiments.  Being  unable,  how- 
ever, just  at  present  to  spare  the  time  necessary  to  fulfil  this 
design,  and  being  at  the  same  time  most  anxious  to  convince 
the  scientific  world  of  the  truth  of  the  positions  1  have  main- 
tained, I  hope  you  will  do  me  the  favour  of  publishing  this 
letter  in  your  excellent  Magazine. 

The  apparatus  exhibited  before  the  Association  consisted 
of  a  brass  paddle-wheel  working  horizontally  in  a  can  of  water. 
Motion  could  be  communicated  to  this  paddle  by  means  of 
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weights,  pulleys,  &c.,  exactly  in  the  manner  described  in  a 
previous  paper*. 

The  paddle  moved  with  great  resistance  in  the  can  of  water, 
so  that  the  weights  (each  of  four  pounds)  descended  at  the 
slow  rate  of  about  one  foot  per  second.  The  height  of  the 
pulleys  from  the  ground  was  twelve  yards,  and  consequently, 
when  the  weights  had  descended  through  that  distance,  they 
had  to  be  wound  up  again  in  order  to  renew  the  motion  of  the 
paddle.  After  this  operation  had  been  repeated  sixteen  times, 
the  increase  of  the  temperature  of  the  water  was  ascertained 
by  means  of  a  very  sensible  and  accurate  thermometer. 

A  series  of  nine  experiments  was  performed  in  the  above 
manner,  and  nine  experiments  were  made  in  order  to  elimi- 
nate the  cooling  or  heating  effects  of  the  atmosphere.  After 
reducing  the  result  to  the  capacity  for  heat  of  a  pound  of 
water,  it  appeared  that  for  each  degree  of  heat  evolved  by  the 
friction  of  water,  a  mechanical  power  equal  to  that  which  can 
raise  a  weight  of  890  lbs.  to  the  height  of  one  foot,  had  been 
expended. 

The  equivalents  I  have  already  obtained  are,— 1st,  823  lbs., 
derived  from  magneto-electrical  experimentsf;  2nd,  795  lbs., 
deduced  from  the  cold  produced  by  tlie  rarefaction  of  air  J;  and 
3rd,  774  lbs.  from  experiments  (hitherto  unpublished)  on  the 
motion  of  water  through  narrow  tubes.  This  last  class  of  expe- 
riments being  similar  to  that  with  the  paddle-wheel,  we  may 
take  the  mean  of  774  and  890,  or  832  lbs.,  as  the  equivalent 
derived  from  the  friction  of  water.  In  such  delicate  experi- 
ments, where  one  hardly  ever  collects  more  than  half  a  degree 
of  heat,  greater  accordance  of  the  results  with  one  another 
than  that  above  exhibited  could  hardly  have  been  expected. 
I  may  therefore  conclude  that  the  existence  of  an  e(|uivalent 
relation  between  heat  and  the  ordinary  forms  of  mechanical 
power  is  proved;  and  assume  817  lbs.,  the  mean  of  the  results 
of  three  distinct  classes  of  experiments,  as  the  equivalent,  until 
slill  more  accurate  experiments  shall  have  been  made. 

Any  of  your  readers  who  are  so  fortunate  as  to  reside  amid 
the  romantic  scenery  of  Wales  or  Scotland,  could,  I  doubt 
not,  confirm  my  experiments  by  trying  the  temperature  of  the 
water  at  the  top  and  at  the  bottom  of  a  cascade.  If  my  views 
be  correct,  a  fall  of  8 1 7  feet  will  of  course  generate  one  de- 

*  Phil.  Mng.  vol.  xxiii.  p.  4>')6.  The  puddlc-wheci  used  by  Hcnnie  in 
hU  experiments  on  the  friction  of  water  (Phil.  'I'rnns.  1831,  plutc  xi.  fig.  1) 
WM  somewhat  »imilur  to  mine.  I  eiiiploycd,  however,  ii  ^rcati-r  iiuinlicr  of 
"floati,"  and  aUo  n  corroxponding  ntinibci'  of  stntionary  flouts,  in  order  to 
prevent  tho  rotatory  motion  of  the  water  in  the  cnn. 

t  Phil.  Mag.  vol.xxiu.  pp.  2(i3,'M7,        I  Phil.  Mng.  May  1845.  p. 3(19. 
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gree  of  heat ;  and  the  temperature  of  the  river  Niagara  will 
be  raised  about  one-fifth  of  a  degree  by  its  fall  of  160  feet. 

Admitting  the  correctness  of  the  equivalent  I  have  named, 
it  is  obvious  that  the  vis  viva  of  the  particles  of  a  pound  of 
water  at  (say)  51°,  is  equal  to  the  vis  viva  possessed  by  a  pound 
of  water  at  5Qp  plus  the  vis  viva  which  would  be  acquired  by 
a  weight  of  817  lbs.  after  falling  through  the  perpendicular 
height  of  one  foot. 

Assuming  that  the  expansion  of  elastic  fluids  on  the  re- 
moval of  pressure  is  owing  to  the  centrifugal  force  of  revolving 
atmospheres  of  electricity,  we  can  easily  estimate  the  absolute 
quantity  of  heat  in  matter.  For  in  an  elastic  fluid  the  pres- 
sure will  be  proportional  to  the  square  of  the  velocity  of  the 
revolving  atmospheres;  and  the  vis  viva  of  the  atmospheres 
will  also  be  proportional  to  the  square  of  their  velocity ;  con- 
sequently the  pressure  will  be  proportional  to  the  vis  viva. 
Now  the  ratio  of  the  pressures  of  elastic  fluids  at  the  tempe- 
ratures 32°  and  33°  is  480 :  481,  consequently  the  zero  of  tem- 
perature must  be  480°  below  the  freezing-point  of  water, 

We  see  then  what  an  enormous  quantity  of  vis  viva  exists 
in  matter.  A  single  pound  of  water  at  60"  must  possess 
480° +  28°  =  508°  of  heat,  in  other  words,  it  must  possess  a  vis 
viva  equal  to  that  acquired  by  a  weight  of  415036  lbs.  after 
falling  through  the  perpendicular  height  of  one  foot.  The 
velocity  with  which  the  atmospheres  of  electricity  must  revolve 
in  order  to  present  this  enormous  amount  oi  vis  viva,  must  of 
course  be  prodigious,  and  equal  probably  to  the  velocity  of 
light  in  the  planetary  space,  or  to  that  of  an  electric  discharge 
as  determined  by  the  experiments  of  Wheatstone. 

I  remain,  Gentlemen, 
Oak  Field,  near  Manchester,  Yours  respectfully, 

August  6, 1845.  James  P.  Joule. 


XXXII.  An  Examination  of  Dr.  Dalton's  Neio  Method  of 
Measuri?ig  the  IVater  of  Crystallization  contained  in   dif- 
ferent varieties  of  Salts.     By  Samuel  Holker,  Biuy*. 

THE  subject  of  this  paper  was  suggested  to  me  by  my 
friend  Mr.  Davies,  Professor  of  Chemistry  at  the  Royal 
Medical  School,  with  whom  I  have  for  some  time  devoted 
myself  to  the  study  of  chemistry.  I  may  observe  as  a  rather 
remarkable  circumstance,  that  an  inquiry  of  so  much  interest 
and  importance,  commenced  by  Dr.  Dalton,  and  displaying 

*  Read  at  the  Manchester  Literary  and  Philosophical  Society,  February 
20,  1844;  and  communicated  by  the  Author. 


208       Mr.  S.  Holker  on  Dr.  Dalton's  ne'w  Method  of 

the  ingenuity  by  which  all  his  researches  have  been  charac- 
terized, should  have  excited  so  little  attention  among  men  of 
science.  The  law  which  he  attempted  to  establish  would  be 
highly  valuable  if  it  could  be  confirmed,  and  if  not  correct  it 
must  be  desirable  that  its  fallacy  should  be  demonstrated. 
Under  this  impression  I  have  undertaken  to  repeat  and  ex- 
tend his  experiments.  The  law  which  Dr.  Dalton  gives  rela- 
tive to  the  combination  of  salts  and  water  is,  that  when  a  salt 
dissolves  it  will  only  increase  the  volume  in  proportion  to  the 
water  of  crystallization  it  contains. 

The  method  by  which  Dr.  Dalton  ascertains  the  water  of 
crystallization  in  salts  is  as  follows: — "I  have,"  he  observes, 
"  a  bottle  with  a  stopper  which  just  contains  572  grains  of 
pure  water,  when  the  stopper  is  put  in  and  wiped  clean  and 
dry  at  the  temperature  of  60°  F. ;  a  graduated  tube  or  jar  is 
necessary,  about  six  inches  long  and  one  quarter  of  an  inch 
in  diameter,  to  measure  exactly  to  a  grain  of  water."  In  using 
this  apparatus,  "  the  bottle  is  first  filled  with  water  at  the  tem- 
perature of  60°  F.  and  wiped  clean  and  dry;  the  water  in  the 
bottle  is  then  carefully  transferred  into  a  vessel  of  larger  di- 
mensions, and  a  known  weight  of  the  salt  to  be  tried  is  dis- 
solved in  the  fluid  ;  the  solution  of  salt  is  then  carefully  trans- 
ferred into  the  bottle,  and  the  spare  liquor,  if  any,  is  put  into 
the  graduated  tube." 

Now  it  is  evident  that  this  apparatus  of  Dr.  Dalton  is  not 
susceptible  of  the  requisite  precision  and  nicety  of  manipula- 
tion; for  in  transferring  the  solution  of  salt  from  the  vessel  of 
larger  dimensions  into  the  bottle  and  graduated  tube,  there 
will  be  a  loss  owing  to  the  cohesion  of  the  water  to  the  glass, 
so  that  the  error  will  be  very  considerable  when  a  sparingly 
soluble  salt  is  used. 

In  prosecuting  a  research  of  so  much  interest  and  import- 
ance, I  found  it  necessary  to  use  mucli  more  delicate  appa- 
ratus than  that  employed  by  Dr.  Dalton,  as  it  was  desirable 
to  obtain  for  the  establishment  or  subversion  of  a  law  as  ac- 
curate results  as  possible.  In  order  to  effect  this  purpose,  I 
procured  a  tube  about  six  inches  long  and  a  quarter  of  an  inch 
in  diameter,  with  a  bulb  blown  at  one  end,  which  when  full 
up  to  a  certain  mark  on  the  stem,  held  exactly  l-IiO  grains  of 
pure  water.  From  this  mark  upwards  the  tube  was  divided 
Hito  100  grain  measures,  so  that  when  full  up  to  the  highest 
mark  it  held  exactly  530  grains  of  i)ure  water. 

In  order  to  experiment  with  this  apparatus,  I  first  filled 
the  bulb  and  stem  to  the  lowest  mark  with  water,  and  afler- 
wardfc  added  a  known  weight  of  salt,  carefully  noting  the  in- 
crease of  bulk. 
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On  repeating  Dr.  Dalton's  experi- 
ments with  this  apparatus,  there  ap- 
peared to  be  considerable  discrepancy 
in  the  results;  indeed  they  were  so  much 
at  variance,  that  I  was  induced  to  sus- 
pect at  once  that  the  law,  which  his  in- 
genuity had  suggested,  would  not  bear 
the  test  of  practical  application ;  for 
according  to  his  results,  "  if  the  salt 
was  anhydrous  it  would  all  go  into  the 
bottle,  exacdy  filling  it  to  a  grain, 
showing  that  the  salt  enters  into  the 
pores  or  interstices  of  the  water.  If 
the  salt  contained  water,  the  quantity 
of  water  was  measured  in  all  cases 
whatever  by  the  narrow  tube,  showing 
that  the  solid  matter  had  in  reality  en- 
tered into  the  pores  of  the  water.  Thus 
if  the  sulphate  of  magnesia  be  made 
anhydrous  and  then  dissolved,  the  so- 
lution of  the  sulphate  would  exactly 
fill  the  bottle  as  the  water  did  before ; " 
or  in  other  words,  when  a  salt,  whether 
hydrous  or  anhydrous,  is  dissolved  in 
water,  the  acid  and  base  of  that  salt  will 
occasion  in  all  cases  whatever  a  con- 
densation exactly  equal  to  the  bulk  of 
that  acid  and  base." 

Dr.  Dalton  here  recommends  that  the  sulphate  of  magnesia 
be  made  anhydrous  and  then  dissolved  ;  and  with  this  salt,  as 
well  as  with  the  carbonate  of  soda,  our  experiments,  both  on 
the  hydrous  salts  and  when  made  anhydrous,  very  nearly 
agreed,  though  in  the  experiments  on  several  of  the  other  salts 
tried  in  the  same  manner  the  results  varied. 

But  Dr.  Dalton  seems  to  have  overlooked  the  fact,  that  the 
law  in  order  to  be  correct  must  apply,  not  only  to  the  hydrous 
salts  made  anhydrous,  but  to  the  naturally  anhydrous  salts,  as 
sulphate  of  potash,  nitrate  ofpotash,  &c. ;  and  in  no  part  of  his 
paper  can  I  find  that  he  has  tried  any  of  this  variety. 

In  ascertaining  whether  the  really  anhydrous  salts  dissolved 
in  water  without  increasing  the  bulk,  I  was  almost  as  much 
surprised  with  the  results  of  my  experiments  as  Dr.  Dalton 
was  with  his;  for  I  found  that  when  a  salt,  whether  hydrous 
or  anhydrous,  dissolved  in  water,  there  was  sometimes  a  con- 
densation and  sometimes  an  expansion  of  the  whole  volume 
of  the  salt  and  water,  according  to  the  nature  of  the  salt  used. 

Phil.  Mag.  S.  3.  Vol.  27.  No.  179.  Sept.  1845.  P 
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And  that  when  a  class  of  isomorphous  salts  dissolved,  they  oc- 
casioned an  increase  or  ditninution  of' volume  in  a  multiple  ratio 
oj  the  condensation  or  expansion  occasioned  by  the  several  atoms 
of  those  salts.  And  that  when  a  class  q/' isomorphous  salts  made 
anhydrous^  combined  with  the  requisite  quantity  of  water  of  cry- 
stallization, the  condensation  then  occasioned  was  also  in  a  mul- 
tiple ratio. 

What  I  mean  by  condensation  is,  that  when  the  joint  bulk 
of  the  salt  and  water  is  less  than  the  sum  of  their  bulks  seve- 
rally, and  when  there  is  a  greater  volume  than  the  original 
volume  of  the  salt  and  water,  there  is  an  expansion. 

In  making  an  experiment  with  one  of  the  anhydrous  salts, 
*'for  instance  nitrate  of  potash,"  I  took  a  certain  quantity  of 
the  nitrate  well-dried  and  in  fine  powder,  and  dissolved  it  in 
the  430  grains  of  water  contained  in  the  bulb  and  stem  of  the 
apparatus ;  1  then  suffered  it  to  remain  about  half  an  hour 
partly  immersed  in  a  vessel  of  water,  with  a  piece  of  glass  over 
the  opening  of  the  tube  to  prevent  loss  by  evaporation,  in 
order  that  the  solution  might  absorb  the  requisite  quantity  of 
heat  to  raise  it  to  the  temperature  of  60°  F.  at  which  the  room 
was ;  as  there  is  a  certain  quantity  of  heat  rendered  latent  by 
a  salt  dissolving  in  water,  so  that  if  the  condensation  occasioned 
by  the  cold  was  not  counterbalanced  by  the  addition  of  the 
requisite  quantity  of  heat,  the  experiment  would  be  incorrect. 
In  making  an  experiment  with  a  hydrous  salt,  I  proceeded 
much  in  the  same  way  as  with  the  anhydrous,  except  that  it 
was  dried  by  exposure  to  a  temperature  of  about  60'  F.,  for 
if  the  heat  was  raised  higher,  as  in  the  case  of  the  anhydrous 
Bait,  some  of  the  water  of  crystallization  might  probably  have 
been  driven  off'.  As  by  this  mode  of  experimenting  1  could 
only  obtain  the  increase  of  volume  when  a  certain  quantity  of 
sail  was  dissolved  in  the  430  grains  of  water  taken  as  a  stand- 
nrd,  and  finding  that  most  of  my  experiments,  both  on  the 
hydrous  and  anhydrous  salts,  did  not  correspond  to  the  law 
which  Dr.  Dalton  had  given,  the  only  ones  that  did  a})}>roxi- 
inate  being  the  sulphate  of  magnesia  and  carbonate  of  sotla,  as 
Slated  before;  I  next  proceeded  to  tietermine  if  the  increase 
of  volume  had  any  relation  to  the  specific  gravities  of  the  dif- 
ferent substances,  or  if,  when  a  known  weight  of  suit  was  dis- 
solved in  water,  the  increase  of  volume  was  in  proportion  to 
file  Volume,  as  indicated  by  the  specific  gravity,  and  if  so,  tin 
Ball  woidd  (li.isolve  without  either  expansion  or  contraction. 

In  trying  if  there  was  any  relation  ol  this  kind,  it  was  im- 
porlnni  to  obtain  the  specific  grnvilies  of  the  different  salts  as 
near  the  truth  as  possible.  The  way  in  which  I  found  them 
Wil  ai  follows :~>1  have  a  bottle  wilh  a  stopper,  which  when 
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full  contains  exactly  500  grains  of  pure  water  at  the  tempe- 
rature of  60^  F.  I  balance  it  on  a  pair  of  scales,  then  take  a 
sohition  of  the  salt  made  by  heating  water  witii  more  than  it 
can  dissolve,  allow  it  to  cool  to  the  required  temperature,  so 
that  it  may  be  perfectly  saturated,  and  fill  the  bottle  exactly 
half-full  of  the  solution.  The  bottle  being  half-full  is  then 
balanced  on  a  pair  of  scales,  and  filled  up  to  the  stopper 
with  the  salt  well-dried  and  in  fine  powder ;  it  is  then  care- 
fully weighed  again,  and  this  weight,  minus  the  weight  of  the 
former  additions,  is  divided  by  250,  which  gives  the  specific 
gravity  of  the  salt.  The  reason  I  divide  by  250,  is  because 
the  bottle  will  hold  500  grains  volume  of  pure  water;  there- 
fore if  it  be  half-full  of  solution  and  half-full  of  salt,  250  will 
equal  the  volume  of  that  salt  compared  to  an  equal  volume  of 
water;  so  that  if  a  saturated  solution,  alcohol,  aether,  or  any 
other  fluid,  be  poured  into  the  bottle  till  half-full,  there  will 
be  a  bulk  which  will  equal  250  grains  of  pure  water. 

On  referring  to  Dr.  Ure's  Dictionary  of  Chemistry,  I  found 
several  of  the  specific  gravities  of  the  salts  used  in  my  expe- 
riments, and  these  agreed  almost  exactly  with  the  results  as 
determined  by  the  above  method,  though  I  afterwards  found  on 
repeating  the  experiments,  some  of  the  others,  especially  the 
hydrous  salts,  to  be  incorrect.  Thus,  according  to  my  expe- 
riments, I  found  the  specific  gravity  of  nitrate  of  potash  to  equal 
2*075,  while  the  specific  gravity  of  the  same  salt,  according  to 
Dr.  Ure,  was  2*073,  and  several  of  the  others  agreed  almost 
as  closely ;  I  therefore  inferred  that  the  preceding  method 
was  correct. 

It  is  important  to  use  a  saturated  solution  of  the  substance, 
the  specific  gravity  of  which  is  to  be  taken  ;  for  as  I  afterwards 
found,  there  was  generally  a  certain  condensation  or  expan- 
sion when  a  salt  dissolved.  P'or  if  pure  water  be  employed, 
or  any  fluid  that  will  partially  dissolve  the  substance  when  put 
into  the  bottle,  there  will  be  an  erroneous  result  of  the  expe- 
riment, amounting  in  cases  where  there  is  a  condensation  to 
a  greater  specific  gravity  than  the  truth,  and  where  there  is 
an  ex})ansion  to  a  less.  Thus  on  dissolving  100  grains  nitrate 
of  potash  in  500  grains  water,  1  found  the  specific  gravity  of 
the  solution  to  =  I'llOO,  while  the  calculated  specific  gravity 
equalled  1*094'1',  for  100  grains  nitrate,  specific  gravity  2'074, 
equal  48*21  grains  of  pure  water  bulk  for  bulk,  and  500  grains 
of  water  equal  500.     Therelbre 

100  +  500  =  600     for  the  weight, 
which  divided  by  48-21  +  500=548*21  for  the  bulk  of  water, 
gives  1*0944  as  the  specific  gravity  of  the  solution.    But  since 
when  100  grains  of  nitrate  of  potash  are  dissolved  in  500  grains 

P  2  * 


212       Mr.  S.  Holker  on  Dr.  Dal  ton's  new  Method  of 

water,  there  is  a  decrease  of  volume  amounting  to  6*22  grains 
by  measure;  therefore  the  preceding  way  of  calculating  the 
specific  gravity,  when  the  quantity  of  water  and  nitrate  are 
known,  will  be  incorrect,  as  there  is  no  allowance  made  for  the 
condensation  which  takes  place  when  the  nitrate  dissolves. 

The  following  formula  will  give  the  solution  to  this  calcu- 
lation. Let  X  =  the  specific  gravity  of  the  solution ;  W  = 
the  weight  of  salt ;  iso  —  the  weight  of  water  ;  V  =  the  volume 
of  salt;  V  =  the  volume  of  water;  and  C  =  the  volume  of  con- 

W  +  tw 
densation.    Then  .r  =  ^. p,  =   the  specific  gravity  of 

the  solution. 

Thus  if  100  grains  nitrate  of  potash,  specific  gravity  2'074<, 

be  dissolved  in  500  grains  water,  required  the  specific  gravity 

of  that  solution.     Now  it  is  known  by  experiment,  that  when 

100  grains  of  the  nitrate  dissolve  in  500  grains  water,  there  is 

a  condensation  of  622  grains  by  measure.     Therefore 

100  +  500  ,  ,«^     I  1 

^'  =  48-21  +500 -6-22  =  ^'Z^^'  '^'^  ^'^^"''"^^ 

specific  gravity;  and  as  this  calculated  specific  gravity  differs 

3 
only  parts  from  that  obtained  by  experiment,  I  think 

it  goes  far  to  prove  that  there  is  generally  a  certain  conden- 
sation or  expansion  when  a  salt  dissolves,  though  not  in  the 
proportion  Dr.  Dalton  has  given. 

In  order  to  find  the  amount  of  condensation  or  expansion 
when  a  salt  dissolves,  the  specific  gravity  is  first  ascertained 
as  accurately  as  possible,  and  after  this  the  increase  of  volume, 
when  a  certain  quantity  is  dissolved  in  the  water  contained  in 
the  bulb  and  stem  of  the  apparatus.  From  these  two  known 
quantities,  the  increase  of  volume  more  than  that  occasioned 
Dy  the  volume  of  the  salt,  or,  as  I  call  it,  the  expansion  or 
the  decrease  of  bulk  less  than  that  indicated  by  the  volume  or 
the  condensation,  may  be  calculated.  Thus  if  100  grains  of 
nitrate  of  potash,  specific  gravity  2*074,  be  dissolved  in  4'iO 
grains  of  water,  and  give  an  increase  of  bulk  from  the  lowest 
mark  of  41*99  grains,  the  condensation  in  this  case  will  equal 
6*22  grains  by  measure,  for  100  grains  of  the  nitrate  =  48*21 
grains  of  water  bulk  for  bulk:  and  as  there  are  only  41 '9f^ 
grains  indicated  by  the  narrow  tube  for  100  grains  nitrate  of 
potash,  there  is  a  condensation  of  6*22  grains  measure:  or 
100  grains  of  the  nitrate  combine  with  430  grains  of  water, 
the  bulk  of  the  whole  becoming  471*99  grains  measure;  and 
as  the  whole  volume,  if  there  had  been  no  condensation,  would 
have  been  equal  to  478*21  grains  measure,  according  to  the 
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specific  gravity,  therefore  there  must  have  been  6*22  grains, 
by  measure,  decrease  of  volume. 

There  is  here  inserted  a  table  showing  the  results  of  most 
or  the  experiments  on  the  salts  both  hydrous  and  anhych'ous, 
together  with  the  specific  gravities  as  determined  by  the  above 
method. 

It  may  perhaps  not  be  out  of  place  to  state,  that  I  have 
carefully  repeated  most  of  the  experiments  since  this  paper 
was  first  read,  and  have  inserted  those  which  appear  to  be 
most  accurate  ;  so  that  a  slight  difference  will  exist  in  the  re- 
sults as  then  copied  by  Dr.  Playfair  and  several  other  gentle- 
men, and  those  of  the  experiments  more  recently  conducted. 

Isomorphous  Salts, 

Dissolved  in  430  grains  of  water  at  the  temperature  of  60°  F. 
maintained  throughout  the  experiment. 

Increase  of  volume.  Conden-        Specific 

Atom.  Class.  grs.  measure.  sation.  gravity. 

[26-50]  r  2-6751 

100  r Chromate  of  potash^  2600  ^2625  11-09^  2680  \  =2-678 
J                                     [26-2;)]  [2-680  J 

30=  700 1         I                                   f20-53'~l  f  2-870  "1 

30 =700}.  88  L  Sulphate  of  potash  .  \  20-53  \  20-85  1203  ^  2-680  )•  =  2-676 

30  =  7-33  J                                             1.2 1-50  J  [2-680  J 

r  43-00")  r20751 

102  r  Nitrate  of  potash  .,.■{  42-50  [  42-83  635  \  2073  \  =  2074 

I                                   1_43-00J  t2073j 

"1  r  32-00]  f  2-250^ 

86  iNitrate  of  soda i  31-75  ^31-91  6-38{  2-240  \  =2-246 

t32-00j  [  2-250  J 

ri900]  r2-155] 

60  f  Chloride  of  sodium .  \  19-50  \  1933  8-51 4  2156  \  =2-155 
I                                    [l9-50j  [_2-155j 

1  f32-00"1  r  1-910] 

76  tChlor.  of  potassium  \  32-50  ^32-16  7-46^  1945  V  =1-918 

[3200  J  [^1-900  J 

r68-00]  f  1-664'] 

123  rSulph.  of  magnesia.^  6700  ^700  G-^l  \  1-665  ^  =1-665 

J  [66-00  J  [  1-666  j 

100=45-5]      i  res-oo]  ri-980] 

100=460  U43  LSulphate  of  zinc  ...A  65-78  16526  7-10-^  1-970  V  =  1-976 
100=45-5  J  !_  65-00  J  [  1-980  J 

f   4-50] 

60f Anhyd.sulph.magn.-^    400^4-16    62-84 

I  I   4-OoJ 

1  r  2-50'l 

80  LAnhyd.  sulph.  zinc  .-^    300  )■  283    62-43 

(.  3-OOj 

r43-00]  r2073"] 

102  r  Nitrate  of  potash  ...  ^  42-50  U2-83      635^  2075  ^  =  2-074 
J  L43-00J  [2073  J 

25  =  10-00]         ]  r49-60]  f2-320] 

25  =  1000  U24  L  Chlorate  of  potash  A  4960  1 5001      3-36-^  2-320  \  =2-323 

25  =  10-25]  1^50  84  J  [2-330  J 
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Increase  of  volume.    Conden-        Specific 
Atom.  Class.  grs.  measure.       sation.  gravity. 


166 


Nitrate  of  lead \  2650  [^2691     10-73*^  4-40    ^  =4-41 

1 27-25 J  U-42  J 


r38-34^  ^7Z  ri-53 


54    Muriate  of  ammonia -I  39-25  |.  38-86     "3-34  J  1-52    1  =  1-52 
L39-00J  [1-52  J 

Conden- 
100 =49-00 1  r 63-701  sation.  f  1-840] 

100=5000  \\m    Sulphate  of  iron  ...•(  65-00  [•64-13      6'10<^  1-864  }-  =1-851 


100= 4900  J  i.63-70j  1^1 -850  J 

100=65-00"|  r93-60"1  f  1-4601 

100 =6500  \  144    Carbonate  of  soda  .A  9360  \  9312      584  \  1-440  \  =  1-455 

100=64-00j  1.92-16J  [V^Qb  \ 

102  grains  nitrate  of  potash  dissolved  at  150°  F.  gave  an  in- 
crease of  45'00  grains  by  measure. 

60  grains  chloride  of  sodium  dissolved  at  150°  F.  gave  an 
increase  of  21 '50  grains  by  measure. 

100  =  56  =  123  grains  sulphate  of  magnesia  dissolved  at 
ISO''  F.  gave  an  increase  of  68"88  grains  by  measure. 

100  =  47=143  grains  sulphate  of  zinc  dissolved  at  150°  F. 
gave  an  increase  of  67*21  grains  by  measure. 

54  grains  muriate  of  ammonia  dissolved  at  150°  F.  gave  an 
increase  of  41*00  grains  by  measure. 

At  60°  Fahrenheit. 

430  grains  measure  of  saturated  solution  of  nitrate  of  soda 
diluted  with  60  grains  of  water  occasioned  a  condensation  of 
I'OO  grain  measure. 

430  grains  measure  of  saturated  solution  of  nitrate  of  potash 
diluted  with  60  grains  of  water  occasioned  a  condensation  of 
0'5  grain  measure. 

430  grains  measure  of  saturated  solution  of  muriate  of  am- 
monia diluted  with  60  grains  of  water  occasioned  a  condensa- 
tion of  0*25  grain  measure. 

430  grains  measure  of  saturated  solution  of  sulphate  of 
magnesia  diluted  with  60  grains  of  water  occasioned  n  con- 
densation of  TOO  grain  measure. 

430  grains  measure  of  saturated  solution  of  sulphate  of  zinc 
diluted  with  60  grains  of  water  occasioned  a  condensation  of 
1*00  grain  measure. 

I  have  here  repeated  the  experiments  as  much  as  possible 
in  the  atomic  numbers  of  the  various  salts,  in  order  that  the 
results  may  be  aflected  as  lillle  as  possible  by  the  influence  of 
water  in  prmlucing  n  greater  or  less  expansion  or  contraction 
out  of  the  proportion  to  that  occasioned  by  the  other  salts. 
I  am  perfectly  aware  that  by  obtaining  data  on  which  allow- 
ances for  the  quantity  of  water  might  be  based,  the  multiple 
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relation  which  appears  to  exist  in  some  of  the  salts  might  be 
brought  to  coincide  much  more  perfectly  than  it  does  at  pre- 
sent; but  as  this  paper  is  designed  only  as  an  introduction  to 
a  research  which  at  a  future  time  I  hope  to  complete  in  a  more 
satisfactory  manner,  I  have  merely  stated  the  direct  results  of 
experiments  without  obtaining  data  requisite  for  allowances, 
which  hereafter  I  might  find  to  be  incorrect. 

To  ensure  accuracy  in  the  above  experiments,  it  was  neces- 
sary to  obtain  the  various  kinds  of  salts  perfectly  free  from 
impurity,  and  having  analysed  some  of  them,  they  were  found 
to  contain  the  same  quantity  of  acid,  base  and  water,  as  indi- 
cated by  Dr.  Turner's  Chemistry;  and  most  of  the  others 
being  tried  with  the  several  tests  for  impurity  in  such  salts, 
were  found  to  contain  no  appreciable  quantity.  The  way  I 
calculate  the  amount  of  condensation  occasioned  by  a  salt  made 
anhydrous  combining  with  the  requisite  portion  of  water  of 
crystallization,  is  as  Ibllows: — 

Let  X  =  the  amount  of  condensation  occasioned  by  the  an- 
hydrous salt. 

W  =  the  weight  of  crystallized  salt. 

V  =  the  volume  of  crystallized  salt. 

C  =  the  condensation  resulting  from  the  solution  of  the 
crystallized  salt. 

B  =  the  weight  of  the  water  of  crystallization. 

E  =  theincreaseof  volume  that  the  salt  deprived  of  its  water 
of  crystallization  occasions  in  solution. 

A  =  the  weight  of  anhydrous  salt. 

Then  (W-B)  =  A;  therefore  a;  =  (V-C-E)  =  the  con- 
densation produced  by  A.  Togiveanexample:— -If  123  grains 
of  sulphate  of  magnesia,  specific  gravity  1*665,  condense  in 
solution  6*87  grains  by  measure,  the  water  of  crystallization 
being  63  grains;  and  60  grains  anhydrous  sulphate  increased 
4*16  grains  by  measure,  required  the  amount  of  condensation 
occasioned  by  the  anhydrous  sulphate. 

ThenA  =  (123  — 63)  =  60,  therefore  ^•  =  (73-87  — 6-87  — 4<'16) 
=  6284-  grains  measure,  the  amount  of  condensation  produced 
by  the  60  grains  of  anhydrous  sulphate  combining  with  the 
requisite  portion  of  water  of  crystallization  to  form  123  grains 
of  crystalline  salt. 

I  have  drawn  out  a  table,  partly  theoretical,  of  most  of  the 
isomorphous  salts  used  in  the  experiments,  being  chiefly  di- 
rected by  the  composition  to  show  the  multiple  relation  that 
appears  to  exist  in  each  order. 

The  discrepancies  that  occur  in  this  proportion  may  be  very 
reasonably  accounted  for,  as  they  are  not  so  great  as  to  excite 
a  doubt  as  to  the  accuracy  of  the  law,  by  supposing  that  the 
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isomorphous  salt  may  contain  a  small  quantity  of  another  salt 
of  the  same  class  combined  with  it;  and  if  so,  the  separation 
of  these  by  crystallization  will  be  exceedingly  difficult,  if  not 
impossible.  The  ordinary  reagents  do  not  show  one  of  two 
isomorphous  salts  in  the  same  solution  when  the  other  is  pre- 
sent in  great  excess,  though  the  greatest  source  of  error  ap- 
pears to  be  in  the  quantity  of  water  influencing  the  condensa- 
tion produced  by  each  salt  which  is  not  dissolved  in  atomic 
proportion. 

On  continuing  this  research  on  the  increase  or  diminution 
of  volume,  I  found  that  a  chloride,  iodide,  or  sulphuret  of  a 
metal,  or  by  the  other  nomenclature,  the  hydrochlorate,  &c. 
of  the  oxide  of  a  metal,  when  dissolved  in  water  occasioned  a 
condensation,  while  the  hydrochlorate  of  ammonia  caused  an 
expansion ;  and  if  this  line  of  demarcation  could  have  been 
established,  it  would  have  given  rise  to  one  of  the  most  import- 
ant laws  in  chemical  science.  For  when  hydrochloric  acid  is 
added  to  the  oxide  of  a  metal,  "for  instance  soda,"  we  do  not 
know  whethei',  in  the  presence  of  water,  a  chloride  of  the  metal 
is  formed  or  the  muriate  of  soda;  though  the  muriate  of  am- 
monia is  considered  by  some  to  be  a  chloride  of  ammonium, 
yet  the  theory  now  generally  adopted  is,  that  when  muriatic 
acid  unites  with  ammonia,  the  muriate  of  ammonia  is  formed; 
and  when  the  same  acid  unites  with  a  metallic  oxide,  it  forms 
a  chloride ;  and  as  the  hydrochlorates  expand  while  the  chlo- 
rides contract,  we  may  infer  that  a  salt,  the  acid  of  which  con- 
tains hydrogen,  expands  in  solution,  while  the  haloid  salts 
contract;  the  combination  of  the  hydracids  with  ammonia 
thus  forming  muriates,  &c.,  and  of  the  same  acids  with  metallic 
oxides,  forming  chlorides,  iodides,  &c. 

If  this  most  important  law  could  have  been  established,  we 
should  then  have  a  ready  and  easy  way  of  distinguishing  be- 
tween the  hydrochlorates  and  chlorides  in  solution,  and  not 
only  of  distinguishing  between  these  two  varieties;  for  if  the 
muriates  expand  while  the  chlorides  contract,  the  various  com- 
binations of  chlorine  and  muriatic  acid  following  the  same 
order,  we  should  then,  perhaps,  have  had  an  opportunity  of 
distinguishing  the  nature  of  bleaching  powder  and  the  like 
compounds,  and  thence  inferring  if  clilorine  can  combine  at 
all  with  the  oxide  of  a  metal  I 

But  unfortunately  for  this  law,  on  proceeding  with  the  ex- 
periments, I  found  that  several  of  the  ammoniacal  salts  did 
not  correspond  with  it,  so  that  this  law,  like  the  one  devised 
by  the  superior  skill  and  ingenuity  of  Dr.  Dalton,  could  not 
be  practically  established. 

I  think  Dr.  Dalton's  law  relating  to  the  water  of  crystalli- 
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zation  would  have  been  almost  as  interesting  as  the  one  show- 
ing the  difference  between  the  muriates  and  chlorides,  if  they 
could  have  been  both  established,  as  then  we  should  have  had 
a  much  more  convenient  way  of  measuring  the  water  of  cry- 
stallization than  making  an  analysis,  which,  perhaps,  would 
be  very  complicated,  and  therefore  much  more  liable  to  error. 

From  the  experiments  contained  in  this  paper,  I  think  the 
following  conclusions  may  be  drawn  : — 

First,  that  when  a  salt  dissolves  in  water,  there  is  sometimes 
a  condensation  and  sometimes  an  expansion  of  the  original 
volume  of  the  salt  and  water. 

Secondly,  that  the  application  of  heat  and  the  quantity  of 
water  make  a  certain  difference  in  the  amount  of  condensa- 
tion or  expansion  resulting  from  the  solution  of  a  salt. 

Thirdly,  that  in  the  case  of  the  isomorphous  salts  especially, 
when  a  class  of  them  dissolve,  they  occasion  an  expansion  or 
condensation  in  a  multiple  ratio  of  the  increase  or  diminution 
of  volume  occasioned  by  the  several  atoms  of  those  salts;  and 
that  when  a  class  of  hydrous  isomorphous  salts  made  anhy- 
drous combine  with  their  requisite  portion  of  water  of  cry- 
stallization, the  condensation  then  occasioned  is  also  in  a  mul- 
tiple ratio. 

Manchester,  June  1845. 
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Feb.  26,  \  PAPER  was  read  by  Mr.  Lyell,  "  On  the  Miocene 
1845.  -^^  Tertiary  Strata  of  Maryland  and  Virginia,  and 
North  and  South  Carolina." 

These  rocks  of  the  middle  tertiary  period  are  chiefly  exhibited 
between  the  hill  countiy  and  the  Atlantic,  and  form  a  band  of  low 
and  nearly  level  country,  almost  150  miles  wide,  and  not  100  feet 
high.  They  are  assumed  to  belong  to  this  period,  because  they  are 
seen  resting  on  the  eocene  deposits,  and  exhibit  about  the  same  pro- 
portion of  recent  species.  The  United  States  miocene  beds  consist 
chiefly  of  incoherent  sand  and  clay,  and  the  sandy  beds,  otherwise 
barren,  have  often  been  fertilized  by  the  use  of  shell  marl.  In  the 
suburbs  of  Richmond,  Virginia,  there  is  however  a  remarkable  bed 
of  siliceous  sand,  derived  from  the  cases  of  infusorial  animalcules. 
The  paper  was  accompanied  by  comparative  tables  and  lists  of  the 
fossils. 

A  paper,  also  by  Mr.  Lyell,  "  On  the  White  Limestone  and 
other  Eocene  Tertiary  Formations  of  Virginia,  South  Carolina  and 
Georgia." 

The  eocene  beds  extend  chiefly  to  the  south  of  the  miocenes  de- 
scribed in  the  foregoing  paper,  and  are  yery  widely  spread  in  the 
Southern  States  on  the  shores  of  the  Atlantic.  The  mineral  character 
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of  the  beds  in  the  north  is  so  like  that  of  the  cretaceous  series,  that 
were  it  not  for  the  fossils,  they  might  readily  be  mistaken ;  but  to- 
wards the  south  a  new  mineral  type  is  put  on,  and  the  rocks  consist 
of  highly  calcareous  white  marl  and  white  limestone.  In  point  of 
fact,  there  seems  to  be  as  great  a  chasm  between  the  cretaceous  rocks 
and  the  tertiaries  in  America  as  in  Europe. 

A  second  part  of  Mr.  Lyell's  paper  gave  an  account  of  a  series  of 
rocks,  called  in  America  the  Burr-stone,  a  siliceous  rock,  containing 
fossil  sponges,  and  belonging,  it  would  seem,  to  the  upper  division  of 
the  eocene  period. 

March  12. — A  communication  was  read  by  Prof.  Sedgwick,  "  On 
the  Comparative  Classification  of  the  Fossiliferous  Slates  of  North 
Wales,  with  the  corresponding  deposits  of  Cumberland,  Westmore- 
land and  Lancashire." 

The  object  of  the  author  in  this  memoir  was  to  give  a  general  ac- 
count of  the  Silurian  rocks  of  the  lake  district  of  the  North  of  En- 
gland, comparing  them  with  those  of  North  Wales,  so  far  as  he  had 
hitherto  investigated  the  subject.  In  both  there  appears  to  be  a  se- 
ries extending  through  the  various  members  of  the  Silurian  rocks. 
In  the  lake  district,  the  Lower  Silurian  rocks  are  imperfectly  seen, 
and  are  not  more  than  300  or  400  feet  thick,  the  Ash  Gill  beds  being 
the  highest ;  but  the  Upper  Silurians  are  admirably  shown,  and  con- 
tain characteristic  fossils.  Of  these  latter,  the  Coniston  limestone 
and  the  Coniston  flags  form  an  important  group  as  much  as  1200  or 
1400  feet  thick,  and  correspond  with  the  Denbigh  flags  of  North 
Wales  and  the  Wenlock  shale  and  limestone  of  the  Silurian  system. 
The  Ireleth  slate  and  grits  succeed  and  occupy  a  considerable  space, 
and  must  be  of  very  great  thickness.  These  higher  beds  in  Cumber- 
land abound  with  Terebratula  Navicula,  but  above  them  are  jemark- 
able  bands  with  Asterias,  while  the  upper  portion  is  full  of  fossils, 
the  prevailing  type  of  which  is  Upper  Ludlow. 

Ajjril  2. — A  paper  was  read  by  Mr.  Austen,  "  On  an  Aerolite 
said  to  have  fallen  near  Lymington,  Hants." 

A  paper  was  also  read  by  Capt.  Bayfield,  R.N.,  "On  the  Junction 
of  the  Transition  and  Primary  Rocks  of  Canada  and  Labrador." 

April  16. — A  paper  was  read  by  Mr.  Macintosh,  "  On  the  Sup- 
posed Evidence  of  the  former  existence  of  Glaciers  in  North  WtUes." 
Mr.  Macintosh  combated  the  opinion  of  Dr.  Buckland  as  to  the 
origin  of  scratches  and  grooves  on  various  rocks,  referring  these  ap- 
pearances, in  many  cases,  to  structural  ])h3enomena. 

April  30. — A  paper  was  read  by  Mr.  Murchison,  "On  the  Palae- 
ozoic Deposits  of  Scandinavia  and  the  Baltic  provinces  of  Russia, 
and  their  relations  to  Azoic  or  more  ancient  crystalline  rocks,  with 
an  account  of  some  great  features  of  dislocation  and  metamorphism 
along  their  northern  frontiers." 

la  this  paper  Mr.  Murchison  gave  a  general  outline  of  the  result 
of  his  recent  examination  of  Northern  Eurojje,  and  the  conclusions 
to  which  he  has  arrived,  chiefly  with  reference  to  the  classification 
of  a  large  tract  of  country  before  undcscribed  on  a  large  and  compre-    " 
)i«nuve  scale. 
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May  14. — An  extract  was  first  read  from  a  letter  by  Dr.  A.  Ges- 
ner,  "  On  the  Gypsiferous  Red  Sandstone  of  Nova  Scotia." 

A  paper  was  read  by  Mr.  Austen,  "  On  the  Coal  Beds  of  Lower 
Normandy." 

The  chief  object  of  the  author  was  to  describe  the  actual  geolo- 
gical position  of  these  small  basins,  and  suggest  that  they  might 
rather  be  of  the  Permian  than  the  true  Carboniferous  period. 

Dr.  Mantell  read  a  paper,  entitled  "  Notes  of  a  Microscopical  Ex- 
amination of  the  Chalk  and  Flint  of  the  South-east  of  England,  with 
remarks  on  the  Animalcules  of  certain  Tertiary  and  Modern  Deposits." 

This  paper  is  pubUshed  entire  in  Number  103  of  the  Annals  of 
Natural  History  for  August,  p.  73. 

A  paper  was  read  by  Mr.  Bowerbank,  "  On  some  specimens  of 
Pterodactyl  recently  found  in  the  Lower  Chalk  of  Kent." 

May  28. — A  communication  was  read,  "On  the  Geology  of  Lycia." 
By  Prof.  E.  Forbes  and  Lieut.  Spratt,  R.N. 

The  authors  stated,  that  the  rock  forming  the  greater  part  of  Lycia 
consists  of  the  scaglia,  or  Apennine  limestone,  a  series  not  very  di- 
stinctly defined,  and  that  near  the  river  Xanthus  another  rock  of 
greenish  sandstone,  whose  age  was  not  determined,  rested  conform- 
ably on  the  scaglia.  In  other  places,  true  tertiary  beds,  both  marine 
and  freshwater,  overlie  the  scaglia  ;  and  of  these  the  marine  are  the 
most  ancient,  and,  from  the  fossils  which  occur  in  the  diiFerent  beds, 
they  are  found  to  be  all  of  the  same  age.  The  authors  then  described 
the  districts  in  which  the  tertiary  marine  beds  appear,  some  of  them 
being  from  SiOOO  to  3000  feet;  and  others  at  a  still  greater  elevation 
above  the  sea-level.  The  freshwater  tertiaries  of  Lycia  are  much 
more  extensivg^  than  the  marine  beds,  and  extend  over  the  district  at 
heights «f  200  or  300  feet  above  the  plain.  They  consist  of  marls, 
capped  by  flat  tables  of  conglomerate  limestone.  The  relative  age 
of  these  tertiary  beds  is  determined  by  the  presence  of  both  marine 
and  freshwater  strata  in  the  two  great  valleys  of  the  Xanthus,  the 
former  being  identified  with  the  Bordeaux  miocenes,  and  the  latter 
therefore  being  much  newer  than  the  eocene  freshwater  tertiaries  of 
Smyrna.  A  considerable  mass  of  travertine  is  found  in  the  great 
plains  of  Pamphylia,  and  it  forms  cliffs  of  considerable  height,  through 
which  the  rivers  pour.  Certain  recent  changes  of  level  were  also 
noticed,  which  had  attracted  the  attention  of  Sir  C.  Fellows.  In 
conclusion,  the  authors  consider  that  the  scaglia,  the  formation  of 
most  ancient  date,  was  deposited  as  fine  sediment  in  a  deep  sea,  and 
was  in  progress  during  the  whole  of  the  secondary,  including  the 
cretaceous,  epoch ;  the  evidence  of  this  consisting  in  the  remarkable 
mixture  of  fossils  observable  in  Mount  Lebanon  and  elsewhere,  and 
the  great  thickness,  the  extent,  and  the  conformable  superposition 
of  the  difl^erent  beds.  The  sandy  beds  resting  on  the  scaglia  seem 
to  have  been  more  recent  than  the  miocene  marine  strata,  the  pre- 
sence of  which  marks  a  great  change  in  elevation.  This  change  was 
more  than  paralleled  by  a  converse  one  of  depression,  producing 
lakes  in  which  the  freshwater  tertiary  beds  were  deposited,  and  which 
have  been  since  drained  by  changes  in  level  still  going  on. 

A  short  notice  was  read,  being  the  translation  of  a  memoir  by  the 
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Baron  Leopold  von  Buch,  "  On  a  new  family  of  Crinoidal  Animals, 
called  Cystidece." 

The  stony  cases  of  these  animals  differ  from  Encrinites  chiefly  in 
the  absence  of  arms  and  the  presence  of  ovarial  apertures  in  the 
plates.  They  are  found  abundantly  in  the  lower  beds  of  the  Silurian 
series,  chiefly  in  Scandinavia. 

A  paper  was  read,  "  On  the  Relation  of  the  New  Red  Sandstone 
to  the  Carboniferous  Strata  in  Lancashire  and  Cheshire."  By  E. 
W.  Binney,  Esq. 

The  author  endeavoured  to  show  that  the  Lancashire  coal-field,  al- 
though of  great  thickness,  does  not  exhibit  a  passage  upwards  into 
the  new  red  sandstone,  but  that  it  is  a  more  perfect  series  than  that 
in  the  west  of  Yorkshire  and  Derbyshire.  He  also  supposes  that  the 
coal- measures  are  generally  thrown  down  by  the  various  faults,  the 
dislocation  being  of  some  extent ;  that  these  measures  continue  un- 
altered beneath  the  upper  beds ;  and  finally,  that  the  lower  portions 
of  the  new  red  sandstone  are  but  imperfectly  exhibited  in  the  coal- 
field in  question. 
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Address  of  the  President  (G.  B.  Airy,  Esq.,  Astronomer  Royal)  on 
the  award  of  the  Medal  to  Captain  Smyth. 

Before  I  proceed  to  my  immediate  object,  you  will  allow  me,  gen- 
tlemen, to  express  my  regret  that  the  duty  of  addressing  you  should 
have  fallen  upon  me.  The  place  which  I  reluctantly  occupy  ought, 
in  the  ordinary  course,  to  have  been  filled  this  day  by  one  io  whom 
this  Society  mainly  owes  its  existence  and  prosperity,  and  with  whose 
scientific  life  every  portion  of  our  history  is  indissolubly  interwoven. 
I  will  not,  however,  enlarge  further  on  this  irretrievable  loss,  but 
will  briefly  remind  you  that  every  member  of  the  Society,  who  has 
been  jjroud  of  his  connexion  with  it  while  its  interests  were  success- 
fully sui)ported  by  Mr.  Baily,  is  bound  in  honour  and  conscience  to 
give  his  best  efl^orts  for  its  continued  prosperity,  by  the  means  which 
have  hitherto  proved  so  successful :  individual  and  independent 
efforts  tempered  by  a  love  of  unanimity,  and  zealous  industry  guided 
by  prudent  forethought.  \ 

It  is  the  duty  of  your  president,  gentlemen,  to  announce  the  de- 
cision of  the  Council  as  to  the  award  of  the  Medal  which,  by  the 
laws  of  the  Society,  is  at  their  disposal  on  the  present  occasion  :  and 
I  have  to  inform  you  tliat  tlie  Council  have  awarded  the  Medul  to 
Ca]>tain  W.  H.  Sinytii,  R.N.,  Foreign  Secretary  of  this  Society,  for 
liiH  Bedford  Catalogue,  forming  the  second  part  of  the  work  entitled 
Celestial  Cycle,  which  has  been  published  by  that  gentleman  within 
a  few  months. 

The  Bedford  Catalogue  contains  the  most  interesting  double  and 
multiple  stars  of  which  the  primaries  arc  in  Piazzi's  Catalogue,  and 
a  selection  of  clusters  and  nebulw  from  Mcssier's  Catalogue  (Conn. 
det  Tempt,  1784)  and  from  the  papers  of  the  two  Herschels;  com- 


Royal  Astronomical  Society.  221 

prising  170  nebulae  and  clusters,  580  double  stars,  20  binary  systems, 
and  80  triple  and  multiple  stars.  The  magnitude,  colours,  &c.  of  the 
stars  are  carefully  noted ;  there  are  numerous  comparisons  with  the 
results  (pubUshed  and  unpublished)  of  other  observers;  and  the 
proper  motion  of  the  primary  of  each  system  is  given  with  care. 
This  scientific  information  is  accompanied  with  much  antiquarian 
research  and  literary  history,  and  the  work  is  likely  to  prove  ex- 
tremely attractive  to  the  general  reader.  But  the  value  of  the  work, 
in  reference  to  the  Medal  of  this  Society,  is  derived  almost  entirely 
from  its  measures  of  double  and  multiple  stars,  and  to  these  I  shall 
confine  my  further  remarks. 

The  subject  of  the  labours  for  which  this  Medal  is  awarded  is  in- 
teresting ;  and  the  circumstances  under  which  the  Medal  is  awarded 
are  peculiar.  It  is  incumbent  on  me  to  make  a  few  remarks  upon 
the  subject,  and  to  explain  the  circumstances  to  which  I  allude  ;  but, 
after  the  Report  which  has  so  long  engaged  your  attention,  it  is  ne- 
cessary for  me  to  be  brief. 

The  astronomy  of  double  stars  may  be  stated  to  have  commenced 
with  Mr.  W.  Herschel's  paper  in  the  Philosophical  Transactions, 
1782.  It  is,  therefore,  essentially  a  modern  science.  But  it  is  worth 
while  to  remark  that  it  was  not  then  begun  with  the  views  which 
have  since  become  the  principal  motives  for  pursuing  it.  It  was 
begun  with  the  intention  of  discovering  whether  the  observations  of 
stars  presumed  to  be  at  very  different  distances,  but  nearly  in  the 
same  position  as  seen  from  the  earth,  would  exhibit  any  indication 
of  the  earth's  annual  parallax.  No  such  indication  was  discovered ; 
but  an  unexpected  and  perhaps  a  more  important  result  was  in  no 
long  time  deduced  from  the  observations.  The  relative  places  of  the 
components  of  a  double  star  were  found  to  change,  and  the  change 
had  no  respect  to  the  position  of  the  earth  in  its  orbit,  but  went  on 
from  year  to  year.  In  several  instances  the  change  altered  its  cha- 
racter so  completely,  that  it  could  be  represented  in  no  way  but  by 
supposing  that  one  star  revolves  round  the  other.  And  from  that 
time  the  observations  have  been  pursued  almost  exclusively  with  the 
view  of  tracing  the  orbits  of  binary  stars. 

One  step  of  great  importance  has  been  made.  Methods  have  been 
successfully  introduced  for  the  investigation  of  the  elements  of  the 
orbits  of  double  stars,  on  the  supposition  that  the  law  of  gravitation 
applies  to  them.  And  these  methods  have  been  applied  to  many 
stars,  and  from  the  elements  so  computed  ephemerides  have  been 
prepared,  by  means  of  which  the  theoretical  position  of  the  double 
stars,  computed  on  the  same  law  of  gravitation,  may  be  compared 
with  the  position  which  shall  be  observed  in  the  heavens. 

To  complete  this  outline  of  the  progress  of  double-star  astronomy, 
it  appears  only  necessary  to  add,  that  it  is  believed  that  not  more 
than  one  or  two  stars  have  completed  their  revolutions  since  they 
were  first  observed,  and  that  there  is  no  sufficient  evidence  that  the 
same  orbit  has  been  retraced  in  successive  revolutions. 

Had  I  attempted,  gentlemen,  to  enter  more  in  detail  into  the  hi- 
story of  this  science,  I  should  have  done  little  more  than  weary  you 
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with  the  repetition  of  the  same  name.  A  Herschel  was  the  projector 
of  the  science  ;  the  same  Herschel  established  it  to  the  utmost  extent 
to  which  a  most  powerful  intellect  using  the  most  powerful  instru- 
ments in  the  world  could  carry  it ;  another  Herschel  improved  the 
accuracy  of  the  observations,  increased  their  number,  and  fixed  the 
positions  of  many  stars  for  an  epoch  sufficiently  distant  from  the 
former  to  give  accurate  measures  of  their  motions ;  and,  finally,  in- 
troduced that  method  of  determining  the  elements  of  their  orbits 
which  is  yet  probably  the  best  that  exists.  A  Struve  has  filled 
volumes  with  the  records  of  the  observations  made  with  the  magni- 
ficent instruments  at  his  command.  Compared  with  these,  the  ad- 
ditions made  by  others  to  the  theory  or  to  the  observations  appear 
small.  Yet  it  would  be  unjust  to  omit  mention  of  the  labours  of 
Savary  on  the  theory,  and  of  those  of  South,  Dawes,  Bessel,  and 
Madler  on  the  observations.  To  these  names  we  can  now  add  that 
of  one  whose  labours  place  him  in  a  higher  position,  the  name  of 
Smyth. 

I  may  perhaps  for  a  moment  quit  the  scientific  part  of  this  notice 
to  remark  that  this  science  is  in  its  origin  and  principal  advances 
essentially  English,  and  that  by  far  the  greater  part  of  the  work 
done  upon  it  has  been  done  by  private  and  not  by  oflftcial  observers. 
The  former  class  is  one  of  whom  our  country  has  good  reason  to  be 
proud.  I  say  advisedly  that,  since  the  time  of  Tycho,  no  country 
has  witnessed  efforts  directed  with  such  force,  such  judgement,  and 
such  perseverance,  as  those  of  Herschel  and  Groombridge  in  sidereal 
observation,  and  those  of  Baily  in  astronomical  literature  and  in  ob- 
servations of  a  different  class.  It  has  been  the  pride  of  our  men  of 
business  to  show  that  in  them  at  least  the  effect  of  the  cares  inci- 
dental to  their  position  has  been  not  to  degrade  but  to  sharpen  the 
intellect ;  not  to  render  it  insensible  to  everything  but  gain,  but  to 
show  that  honourable  gain  is  only  a  means  to  an  end,  and  that  that 
end  is  the  very  highest  cultivation  of  the  mind. 

Although  the  instance  before  us  is  in  some  degree  different,  its 
general  character  is  the  same.  An  officer,  whose  rank  has  been  de- 
rived, in  the  first  instance,  from  the  honourable  profession  of  arms ; 
whose  European  reputation  has  been  founded  upon  his  services, 
first  as  a  volunteer  and  afterwards  in  official  eniploynient,  in  the 
scientific  and  useful  task  of  maritime  survey ;  employs  the  leisure 
hours  of  his  riper  years  upon  the  furtherance  of  the  astronomy  of 
double  stars,  devotes  to  that  object  his  fortune  and  his  energies  with 
a  perseverance  scarcely  inferior  to  those  of  the  jjcrsons  to  whom  I 
have  already  alluded,  and  finally  produces  an  extensive  cutal(ig\ic  of 
doul)lc  btars  pooscssini;',  as  we  believe,  the  highest  claims  to  the  fa- 
vourable reception  of  the  f>cientiHc  world.  1  cannot  forbear  to  add 
that  the  results  of  this  labour  have  been  jxiljlished  in  a  form  which 
cannot  fail  to  fix  the  atterition  and  to  direct  tlu;  ptudies  of  many  other 
able  men  of  the  same  class :  but  I  add  also  that  this  circumstance 
ought  to  have  no  infiucnce,  and  linH  had  no  infiucnce,  in  deciding 
your  Council  on  the  award  of  thin  Medal. 

1  might  offer  you  my  reasons,  gentlemen,  for  believing  that  ob« 
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servations,  like  those  of  double  stars,  requiring  little  calculation,  but 
demanding  jjeremptorily  the  most  complete  devotion  of  time  and 
energies  when  favourable  states  of  the  air  occur,  are  likely  always  to 
be  better  carried  on  by  private  observers  than  by  official  astronomers. 
I  might  state,  that  the  regular  observer,  when  wearied  with  five  hours' 
calculation  in  the  forenoon,  is  not  likely  to  seize  upon  that  precious 
sky  which  sometimes  suddenly  presents  itself  in  the  evening,  and  to 
continue  his  observations  till  dawning  day  terminates  them.  I  might, 
on  the  other  hand,  explain  that  private  observers  can  seldom  under- 
take the  masses  of  calculation  which  are  incidental  to  meridional  ob- 
servations. But  I  shall  remark  no  further  on  this  than  to  observe 
that,  in  the  instance  of  the  double-star  observations  before  us,  as  well 
as  in  many  of  the  others,  discretion  has  been  shown  in  the  selection 
of  the  subject  as  well  as  perseverance  and  skill  in  the  pursuit  of  it. 

Gentlemen,  the  position  of  the  person  by  whom  this  work  has 
been  executed  is  thus  far  important,  that  it  is  necessary  for  us  to  di- 
stinguish between  the  work  executed  in  the  discharge  of  official  duty, 
and  that  which  is  presented  by  the  gratuitous  labour  and  expense  of 
a  private  individual  upon  whom  we  have  no  claim  of  any  kind.  The 
former  circumstance  may  frequently  prevent  us  from  even  taking  into 
consideration  the  merits  of  some  important  works ;  the  latter  will 
render  similar  works  admissible  for  our  judgement  as  to  the  propriety 
of  awarding  to  them  our  Medal.  But  when  I  have  said  admissible 
for  our  judgement,  I  have  said  all.  No  claim  whatever  is  established 
by  this  gratuitous  character  of  the  work.  The  claim  must  be  founded 
only  upon  the  value  of  the  work  with  reference  to  the  present 
wants  of  science ;  and  to  this  point  I  shall  now  advert. 

It  has  happened,  gentlemen,  that  I  have  twice  had  the  honour  to 
deliver  addresses  from  this  chair,  in  which  allusion  has  necessarily 
been  made  to  the  nature  of  the  nebulae,  and  of  those  apparently  ne- 
buloid  bodies,  the  comets.  I  have  endeavoured  to  explain  my  idea, 
that  it  is  in  the  examination  of  these  that  the  cosmogonic  mysteries 
of  the  world  are  to  be  read  on  the  large  scale,  as  in  geology  on  the 
small  scale.  The  investigation  of  the  motion  of  double  stars  appears 
to  me  likely  to  give  us  an  insight  into  laws  equally  grand,  but  of 
very  different  character.  It  is  here  alone  that  we  can  see  the  me- 
chanics of  the  universe  on  a  grand  scale.  The  radius  of  the  orbit  of 
Uranus  is  small  in  comparison  with  the  distance  of  the  two  stars  of 
61  Cygni,  and  probably  very  small  in  comparison  with  the  distance 
between  the  components  of  some  binary  stars  whose  parallaxes  have 
not  yet  been  ascertained.  The  law  of  gravitation  seems  to  be  failing 
even  at  the  distance  of  Uranus.  May  it  not,  perhaps,  fail  more  com- 
pletely, or  may  not  a  different  law  almost  completely  prevail  over  it, 
at  distances  like  those  of  the  double  stars  ?  Whether  this  question 
is  to  be  answered  affirmatively  or  negatively,  and  whatever  may  be 
the  modification  which  the  law  may  require,  this  appears  certain, 
that  it  is  only  in  the  observation  of  double  stars  that  we  can  find  an 
answer  to  the  question. 

If  now  we  inquire  what  is  the  quality  of  our  observations  upon 
which  the  correctness  of  our  answer  will  mainly  depend,  we  find  that 
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it  is  accuracy ;  comprising  under  this  word  the  two  different  steps, 
of  exactness  in  making  observations,  and  certainty  in  transmitting 
them  to  the  reader.  And  upon  the  importance  of  this  accuracy,  as 
contrasted  with  number  or  variety,  I  cannot  express  my  opinion  with 
sufficient  strength.  It  is  matter  of  histoiy  that  the  establishment  of 
the  laws  of  Kepler,  of  the  system  of  Copernicus,  and  finally,  of  the 
theory  of  gravitation,  depended  upon  a  discordance  between  the 
theory  of  that  period  and  the  observations  amounting  to  eight 
minutes  of  arc.  This  was  then  a  small  quantity  but  certainly  ap- 
preciable, if  the  best  instruments  and  best  methods  of  the  time  were 
used.  Now,  gentlemen,  am  I  wrong  in  saying  that  the  establish- 
ment of  a  cosmical  theory,  infinitely  more  comprehensive  and  more 
important  than  that  of  gravitation,  may  depend  upon  the  certainty 
of  a  measure  to  the  tenth  part  of  a  second  ?  I  say,  that  it  is  more 
than  possible  ;  that  it  is  highly  probable ;  and  that  there  is  fair  pro- 
bability of  its  occurring  within  our  time.  Kepler  on  a  similar  occa- 
sion put  to  himself  the  question,  "Is  it  likely  that  an  observer  so 
accurate  as  Tycho  can  have  been  in  error  by  eight  minutes?"  and 
boldly  answered  to  himself,  "It  is  impossible,  and,  therefore,  a  new 
theor}^  must  be  formed."  When  the  question  shall  be  put  regarding 
the  measures  of  the  Bedford  Catalogue,  made  at  a  critical  time,  and 
on  which  a  future  theory  may  hinge,  Can  these  numbers  be  trusted 
with  certainty  to  one  or  two- tenths  of  a  second  ?  shall  we  be  able  to 
answer.  Without  doubt  they  can  ?  This  leads  me  to  a  very  import- 
ant part  of  my  present  remarks. 

The  Catalogue  of  the  Celestial  Cycle,  as  exhibited  to  the  public, 
contains  simply  the  result  for  each  star  of  all  the  observations  made 
on  that  star.  In  some  cases  results  are  given  for  more  than  one 
epoch ;  but  in  all  cases,  every  result  is  given  without  exhibition  of 
the  individual  observations  from  which  it  was  deduced.  This  form 
of  publication  is  open  to  a  very  grave  objection,  and  one  which  was 
seriously  discussed  by  your  Council.  In  a  remark  above  I  spoke  of 
the  accuracy  of  published  observations  as  depending  on  two  circum- 
stances ;  exactness  in  making  the  observations,  and  certainty  in 
transmitting  them  to  the  reader.  With  regard  to  the  exactness  of 
the  observations,  we  had  the  evidence  of  a  member  of  the  Council 
who  had  compared  unpublished  observations  made  under  the  most 
unquestionably  favourable  circumstances  with  individual  observa- 
tions made  by  Cajitain  Smyth  ;  and  we  had  also  the  indirect  evidence 
derived  from  the  progressive  changes  in  the  relative  positions  of 
some  (if  the  stars.  These  kinds  of  evidence  probably  had  their  weight 
with  memberc  of  the  Council ;  but  to  mc,  I  must  aver,  they  were 
entirely  unneccBsary.  My  confidence  in  tlic  exactness  of  the  obser- 
vations is  purely  personal.  Knowing  the  attention  which  has  been 
given  to  the  adjustments,  the  intentncss  of  the  observer  uj)ou  his 
work,  the  nerve  which  is  made  steady  rather  than  disturbed  by  the 
anxiety  to  procure  u  good  observation,  and  the  general  skill  in  the 
management  of  the  instrumentM,  I  can  truly  say,  that  if  an  accurate 
obeervation  were  required,  I  would  desire  that  it  should  be  made  by 
Captain  Smyth.     Yet  I  could  wish  that  1  hud  the  means  of  exhibit- 
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ing  to  the  world  the  grounds  of  my  general  confidence  in  the  skill  of  the 
observer.  Still  more,  I  wish  that  I  could  produce  sufficient  means  for 
estimating  numerically  the  probable  error  of  the  observations,  as  af- 
fected not  only  by  personal  sources  of  error,  but  also  by  the  causes  of 
error  which  no  skill  can  overcome.  'I  hese  remarks  apply  to  the  pro- 
bable exactness  of  the  observation  only.  With  regard  to  the  certainty 
of  transmission  to  the  reader,  there  is  no  sufficient  security.  The  fair- 
ness of  apportionment  of  weights,  the  correctness  of  means  of  separate 
results,  the  correctness  of  the  printing  ;  for  all  these  there  is  no  secu- 
rity. Let  it  not  be  supposed  that  tliese  remarks  are  answered  by  refer- 
ring me  to  the  circumstances,  that  the  computation  is  easy,  that  it  has 
been  performed  by  the  astronomer  himself  or  immediately  under  his 
eye,  and  that  he  has  himself  superintended  the  printing.  I  know  by 
experience  that  errors  are  more  likely  to  occur  in  easy  than  in  difficult 
computation  ;  that  the  principal  person  usually  performs  calculations 
and  reads  proof  sheets  with  less  accuracy  than  comparatively  illite- 
rate assistants ;  and  that,  after  all  his  care  in  passing  the  sheets 
through  the  press,  errors  will  creep  in  over  which  he  has  no  control 
whatever.  Had  the  manuscripts  of  the  observations  and  of  the  cal- 
culations in  this  instance  been  placed  at  our  command,  my  remarks 
would  have  been  completely  answered.  In  the  case  of  Lord  Wrot- 
tesley's  Catalogue,  to  which  the  Medal  of  this  Society  was  awarded, 
and  in  that  of  Groombridge's  Catalogue,  the  printing  of  which  was 
placed  by  the  Admiralty  under  my  superintendence,  the  original  ob- 
servations and  the  intermediate  calculations  were  placed  at  the  com- 
mand of  this  Society ;  and  the  repeated  references  which  already  it 
has  been  found  necessary  to  make  to  the  latter  manuscripts  prove 
the  propriety  of  this  caution.  In  the  instance  of  the  Bedford  Cata- 
logue we  have  no  such  power  of  referring  to  the  originals.  Feeling 
these  things,  gentlemen,  and  impressed  with  a  sense  of  the  responsi- 
bility to  you  and  to  the  world  of  science  which  is  implied  by  my  po- 
sition in  this  chair,  I  deem  it  my  duty  to  state  to  you,  that  I  for  one 
have  hesitated  in  assenting  to  this  award  except  in  the  hope  that  the 
manuscripts  relating  to  these  observations  would  at  some  time  be 
placed  in  our  hands.  And  I  am  fully  persuaded  that  it  is  the  gene- 
ral feeling  of  the  Council  that  the  reasons  upon  which  this  Medal  is 
now  presented  are  such  as  have  never  before  been  used  to  justify  our 
awards,  and  are  not  likely  to  be  used  again.  I  trust  that  the  value 
of  the  Medal  will  be  greatly  enhanced  to  Captain  Smyth  by  this  con- 
sideration. I  trust  that  he  will  perceive  that,  where  direct  evidence 
was  wanting,  this  Council  have  not  refused  to  give  to  the  world  their 
most  solemn  assurance  of  the  value  of  the  Bedford  Catalogue,  relying 
only,  until  further  security  shall  be  given  to  them,  upon  their  perso- 
nal appreciation  of  the  instrumental  skill,  the  editorial  care,  and  the 
general  exactness  and  fidelity  of  the  observer. 

(The  President  then,  delivering  the  Medal  to  Captain  Smyth,  addressed 
him  in  the  following  terms)  : — 

Captain  Smyth, — In  the  name  of  the  Council  of  the  Royal  Astro- 
nomical Society,  I  present  to  you  this  Medal ;  and  I  beg  leave  to 
Phil.  Mag.  S.  3.  Vol.  27.  No.  179.  Sept.  1845.  Q 
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convey  with  it  the  expression  of  my  own  opinion  that  never  was  a 
Medal  more  worthily  earned.  Permit  me,  Sir,  at  the  same  time  to 
remark,  that  the  character  of  the  Council  is  most  deeply  pledged  in 
this  award,  and  that  I  trust  that,  at  no  distant  period,  it  will  be  re- 
deemed by  such  communication  of  the  details  of  the  observations  as 
will  enable  the  Council  to  refer  other  inquirers  to  publications  that 
are  within  the  reach  of  all  for  a  sufficient  justification  of  this  judge- 
ment. 

The  following  Fellows  were  elected  Officers  and  Council  for  the 
ensuing  year,  viz. — 

Pre^jrfew/.— Captain  W.  H.  Smyth,  R.N.,  K.S.F.,  D.C.L.,  F.R.S. 
— Vice-Presidents.  George  Biddell  Airy,  Esq.,  M.A.,  F.R.S.,  Astro- 
nomer Royal;  Samuel  H.  Christie,  Esq.,  M.A.,  F.R.S. ;  Bryan 
Donkin,  Esq.,  F.R.S. ;  Thomas  Galloway,  Esq.,  M.A.,  F.R.S.— 
Treasurer.  George  Bishop,  Esq. — Secretaries..  Rev.  Robert  Main, 
M.A. ;  William  Rutherford,  Esq. — Foreign  Secretary.  Rev.  Richard 
Sheepshanks,  M.A.,  F.R.S.  —  Council.  George  DoUond,  Esq., 
F.R.S. ;  Solomon  M.  Drach,  Esq. ;  Lieut.-Col.  George  Everest, 
F.R.S.;  Rev.  George  Fisher,  M.A.,  F.R.S.;  Manuel  J.  Johnson, 
Esq.,  M.A. ;  John  Lee,  Esq..  LL.D.,  F.R.S. ;  Edward  Riddle,  Esq. ; 
Richard  W.  Rothman,  Esq.  ;  Lieutenant  William  S.  Stratford, 
R.N.,  F.R.S. ;  The  Right  Hon.  Lord  Wrottesley,  M.A.,  F.R.S. 


CAMBRIDGE  PHILOSOPHICAL  SOCIETY. 
[Continued  from  p.  60.] 

October  28,  1844.— On  the  Foundation  of  Algebra,  No.  IV. — 
On  Triple  Algebra.  By  Augustus  De  Morgan,  Esq.,  of  Trinity 
College. 

The  extensions  which  have  successively  been  made  in  algebraical 
interpretation  have  been  consequences  of  efforts  to  interpret  symbols 
which  presented  themselves  as  necessary  parts  of  the  algebraical  lan- 
guage which  is  suggested  by  arithmetic.  The  now  well-known  sig- 
nification of  a-\-b^—i  did  not  yield  any  new  imaginary  or  une.v- 
plained  quantities :  and  accordingly  no  effort  (within  the  author's 
knowledge)  was  made  to  produce  an  algebra  which  should  require' 
three  dimensions  of  space  for  its  interpretation,  until  Sir  William 
Rowan  Hamilton  wrote  a  paper  (the  first  part  of  which  a])peared  in 
the  Philosophical  Magazine*  before  the  present  one  was  begun)  on  n 
System  of  Quaternions.  This  system,  as  the  name  imports,  involves 
four  distinct  species  of  units,  one  of  which  may  by  analogy  be  called 
real,  the  three  others  being  imayinaries,  as  distinct  from  one  another 
M  the  imaginary  of  ordinary  algebra  is  from  the  retU.  These  imu- 
ginaries  are  not  deductions,  but  inventions ;  their  laws  of  action  on 
tach  other  are  assigned :  this  idea  Mr.  De  Morgan  desires  to  acknow- 
ledge as  entirely  l)orrowcd  from  Sir  William  Iilamilton. 

Sir  William  llaniilton  has  rejected  the  idea  of  proclucing  a  trii)lc 

algebra,  apparently  on  account  of  the  impossibility  of  forming  one  in 

which  Huch  a  symbol  a»a0  +  6ij  +  cC  represents  a  line  of  the  length 

V(a^-H&*-|-c^)«    Mr.  De  Morgan  does  not  admit  the  necessity  of 

•  Vol.  XXV.  pp.  10,  341. 
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having  a  symmetrical  function  of  a,  b,  c,  and,  throwing  away  this 
stipulation,  points  out  a  variety  of  triple  systems,  partially  or  wholly 
interpreted. 

Sir  William  Hamilton's  quaternion  algebra  is  not  entirely  the 
same  in  its  symbolical  rules  as  the  ordinary  algebra  :  differing  in  that 
the  equation  AB=BA  is  discarded  and  AB=  — BA  supplies  its  place. 
Those  of  Mr.  De  Morgan's  system,  which  are  imperfect,  all  give 
AB=BA,  but  none  of  them  give  A(BC)  =  (AB)C,  except  in  particu- 
lar cases. 

Mr.  De  Morgan  gives  systems  of  triple  algebra,  which  he  distin- 
guishes into  quadratic,  cubic,  and  biquadratic,  according  as  the  in- 
vented imaginary  units  represent  square  roots,  cube  roots,  or  square 
and  fourth  roots,  of  the  negative  real  unit.  It  would  not  be  easy  in 
an  abstract  to  give  any  account  of  these,  but  among  them  are 
found, — 

1 .  An  imperfect  quadratic  system,  strongly  resembling  the  common 
double  algebra,  and  which  would,  but  for  its  imperfect  character,  be 
at  once  recognised  as  the  proper  and  natural  extension  of  the  inter- 
pretation of  imaginary  quantities  to  three  dimensions  of  space :  the 
ultimate  symbol  for  a  line  is  /(cos  9  + sin  6  'v^j^— 1). 

2.  An  imperfect  quadratic  system,  very  like  the  former  one,  except 
in  having  a  peculiar  inversion  in  the  operation  of  multiplication,  and 
a  somewhat  remarkable  mode  of  representing  what  would  by  analogy 
be  called  arithmetical  multipliers. 

3.  A  perfect  quadratic  system,  the  interpretation  of  which  has  con- 
siderable resemblance  to  that  of  the  first-mentioned  system,  and  is 
completely  attainable,  though  not  of  great  interest. 

4.  Three  jjerfect  cubic  systems,  each  irreconcileable  with  the 
others,  though  closely  connected  with  them.  Each  system  presents 
a  triple  trigonometry,  the  cosine  and  two  sines  of  which  are  each  a 
function  of  two  angles ;  but  these  can  be  easily  expressed  as  func- 
tions of  common  circular  and  hyperbolic  sines  and  cosines.  The  in- 
terpretations of  these  systems  are  very  imperfect,  and  appear  to  pre- 
sent great  difficulty,  but  their  symbolical  character  is  unimpeachable. 

5.  A  perfect  biquadratic  system,  which  is  of  a  redundant  charac- 
ter, that  is,  its  fundamental  form  represents  a  line  drawn  in  space 
from  a  given  origin,  with  a  symbol  to  spare,  which  may  represent 
the  time  of  drawing  it,  its  density,  its  tendency  to  a  given  position, 
&c.  at  pleasure.  Many  interpretations  are  attainable,  but  Mr.  De 
Morgan  does  not  pretend  to  say  that  he  knows  the  one  which  ought 
to  be  adopted.  It  is  singular  that  every  attempt  to  reduce  this 
algebra,  by  assigning  a  condition  among  the  subsidiary  symbols  of  its 
fundamental  form,  leads  to  an  imperfect  algebra.  The  system  first 
mentioned  in  this  abstract  is  one  such  result,  and  fails  in  its  rules  of 
multiplication,  as  before  mentioned.  Another  is  obtained,  which  is 
perfect  as  to  its  rules  of  multiplication,  &c.,  but  fails  in  its  rules  of 
addition. 

Mr.  De  Morgan  concludes  by  giving  some  formulae  which  may  be 
useful  to  those  who  would  try  to  interpret  algebra  of  three  dimen- 
sions by  the  use  of  solid  angles  in  the  place  of  plane  ones. 

Q2 
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December  9,  1844. — On  the  Values  of  the  Sine  and  Cosine  of  an 
Infinite  Angle.     By  the  Rev.  S.  Earnshaw,  of  St.  John's  College. 

It  has  been  usual  with  mathematicians  to  write  zero  as  an  equiva- 
lent for  both  sin  x  and  cos  x  when  x  becomes  infinite.  The  object 
of  this  paper  is  to  examine  into  the  propriety  of  this  usage.  The 
inquiry  derives  importance  from  its  bearing  on  the  general  correct- 
ness of  Fourier's  theorem  for  the  transformation  of  functions,  and 
from  its  affecting  the  truth  of  many  remarkable  results  in  definite  in- 
tegrals. Certain  principles  also  which  have  been  assumed  and  acted 
on  by  Poisson,  Fourier,  Cauchy  and  others,  in  treating  of  jjcriodic 
infinite  series,  are  examined,  and  shown  to  be  untenable :  for  exam- 
ple, it  is  shown,  that  as  1  —x  approaches  zero,  1  —x  -\-  x'^  —  x^  -\-  . .  . 
ad  inf.  does  not  approach  1  —  1-fl  — 1-|-...  ad  inf.  as  its  limit ;  that 

this  last  series  has  not  a  unique  value,  and  that  its  value  is  not  — , 

as  has  generally  been  argued.     It  is  also  remarked  that  every  series 

of  the  form  a^x"^  -\-a.^x"  -^  .  ..a  x*  ■\- ...  is  discontinuous  in  those 

terms  which  are  at  an  infinite  distance  from  the  first,  unless  the  co- 
efficients tend  to  zero  as  «  and  v  tend  to  oo .  The  truth  of  this  de- 
pends on  a  circumstance  which  does  not  seem  to  have  been  remarked 
before,  viz.  that  however  small  \-^x  may  be,  a  value  of  v  can  always 

be  found  so  large  that  (1  — x)  v  may  be  finite,  and  therefore  x*,  which 
is  equal  to  (1  —  1  —  x)",  is  not  equal  to  1  in  the  limit,  but  to 
glim,  oi  {\—xy^ 

It  is  lastly  proved  that  sin  co  and  cos  oo  are  not  equivalent  to 
zero,  whether  we  regard  them  as  the  results  of  integration  between 
limits,  or  as  the  limiting  cases  of  more  general  forms. 

February  10,  1845. — On  the  Connexion  between  the  Sciences  of 
Mechanics  and  Geometry.  By  the  Rev.  H.  Goodwin,  of  Caius  Col- 
lege. 

'i'his  paper  contains  an  attempt  to  determine  the  ground  of  the 
truth  of  the  elementary  propositions  of  mechanics.  The  remarkable 
analogy  between  mechanics  and  geometry  suggests  the  thought,  that 
perhaps  there  may  be  something  more  than  analogy,  that  in  fact  the 
basis  of  the  two  may  be  the  same.  The  author  endeavours  to  show 
that  this  is  really  the  case  ;  the  ground  of  the  reasoning  is,  that  force 
is  a  physical  expression  of  the  two  ideas  of  vmgnitude  and  direction, 
of  which  a  straight  line  is  the  geometrical  expression,  and  therefore 
that  propositions  which  are  true  for  one  event  are  true  for  the  other. 
Hence  it  is  argued,  that  inasmuch  as  the  giving  two  sides  of  a  tri- 
angle gives  the  third,  so  that  the  third  may  be  considered  as  the  re- 
Multant  of  the  two  already  given,  so  if  the  two  sides  represent /orct-.f. 
the  third  will  still  represent  the  resultant  of  the  two  forces  already 
given. 

Hcasoning  of  this  kind  does  not,  of  course,  admit  of  a  very  de- 
monstrative character  primd  facie  ;  it  is  the  author's  design  rather  to 
j)oint  out  a  path  to  the  truth,  tluin  to  assert  that  he  has  cleared  away 
every  difficulty. 
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The  subject  is  further  elucidated  by  the  application  of  the  remark- 
able symbol  e^'^""^  a  symbol  which  in  geometry  serves  to  indicate 
the  direction  in  which  a  line  is  drawn  with  respect  to  a  given  fixed 
line ;  the  same  symbol  is  perfectly  applicable  as  a  sign  of  affection 
for  forces,  and  hence  the  conclusion  is  strengthened  that  the  ground 
of  truth  in  the  two  sciences  is  the  same. 

The  reasoning  of  this  paper  extends  not  only  to  forces,  but  also 
to  velocities  and  moments,  and  to  all  expressions  of  whatever  kind 
of  the  pure  ideas  of  magnitude  and  direction. 

If  the  author's  reasoning  be  sound,  the  elementary  propositions  of 
mechanics  are  necessary  trutJis  in  as  strict,  in  fact,  in  exactly  the 
same,  sense  as  the  elementary  propositions  of  geometry ;  and  to  a 
mind  which  dwells  upon  tliem,  the  truths  of  the  one  science  ought 
to  appear  in  as  axiomatic  a  light  as  those  of  the  other. 
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ADDITIONAL  NOTE  TO  MR.  SULLIVAN's  PAPER  AT  p.   161  OF 
THE  PRESENT  NUMBER. 

QINCE  writing  the  preceding  paper,  a  short  notice  on  the 
^  same  subject  has  been  published  by  Prof.  Kersten*,  in 
which  he  speaks  of  having  detected  chlorine  in  a  specimen  of 
lava  from  Niedermennig.  I  am  glad  that  1  can  add  a  few  ex- 
periments on  the  same  point.  In  nearly  all  the  basalts,  clink- 
stone, one  specimen  of  granite,  diorite,  and  particularly  car- 
boniferous slate,  from  which  I  never  found  it  absent,  I  could 
detect  chlorine  by  the  same  means  as  that  employed  by  Ker- 
sten. Fluorine  appears  to  be  equally  diffused,  as  I  could  de- 
tect its  presence  in  nearly  all  the  minerals  which  I  analysed, 
but  particularly  in  diorite  from  the  Lahn,  and  the  carbonife- 
rous slate  from  the  south  of  Ireland.  The  following  is  the 
method  which  I  adopted  for  the  detection  of  the  fluorine,  par- 
ticularly in  bodies  undecoraposable  by  means  of  sulphuric 
acid,  recommended  by  Rose.  The  mineral,  finely  pulverised, 
was  ignited  in  a  platinum  crucible  with  from  three  to  four 
times  its  weight  of  carbonate  of  soda;  the  ignited  mass  moist- 
ened with  water,  and  the  soluble  portion  filtered  from  the  in- 
soluble. Care  should  be  taken  to  employ  as  little  water  as 
possible.  The  solution  thus  obtained  is  to  be  poured  into  a 
platinum  capsule,  and  very  carefully  supersaturated  with  hy- 
drochloric acid.  In  stirring  the  solution  no  glass  should  be 
employed,  but  either  platinum  or  silver.  The  acid  should  be 
allowed  to  rest  for  some  time  until  all  the  carbonic  acid  has 
esca})ed.  When  no  more  is  evolved,  the  liquor  should  be  su- 
persaturated with  ammonia,  and  the  whole  poured  into  a  flask 
provided  with  a  cork.  Chloride  of  calcium  is  then  to  be 
*  Page  155  of  the  present  volume. 
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added,  which  throws  down  fluoride  of  calcium  if  a  fluoride  of 
any  metal  be  present.  Care  should  be  taken  to  prevent  ac- 
cess of  air  as  much  as  possible,  otherwise  carbonate  of  lime 
would  also  be  thrown  down.  The  whole  is  then  to  be  filtered, 
and  the  precipitate  gently  heated  with  strong  sulphuric  acid 
in  a  platinum  crucible  covered  with  a  glass  plate,  having  a 
thin  coating  of  wax  with  a  few  letters  or  words  etched  on  the 
wax,  so  as  to  leave  the  glass  bare  at  a  few  points.  The  pre- 
cipitate can  thus  be  proved  beyond  doubt  to  be  fluoride  of 
calcium,  by  the  glass  being  attacked  by  the  evolved  hydro- 
fluoric acid. 

Dublin,  August  12. 

ON  THE  NEW  METAL  RUTHENIUM. 

M.  Claus  states,  that  after  an  uninterrupted  labour  of  two  years' 
duration,  he  has  succeeded  in  obtaining  the  above  metal,  which  he 
had  previously  discovered,  in  a  state  of  purity  and  by  a  simple  pro- 
cess from  the  residues  of  platina. 

This  metal  has,  however,  as  yet  been  obtained  only  in  the  state  of 
a  gray  powder,  which  is  much  lighter  than  iridium ;  and  its  simple 
and  double  chlorides  strongly  resemble  those  of  this  metal.  The 
chloride  of  potassium  and  iridium  so  strongly  resembles  that  of  po- 
tassium and  ruthenium,  that  M.  Berzelius,  to  whom  M.  Claus  sent 
a  portion,  stated  it  to  be  the  salt  of  iridium ;  but  some  days  after  he 
withdrew  this  opinion,  and  considered  this  salt  as  that  of  a  metal 
which  was  unknown  to  him. 

The  characters  of  this  metal  are  so  distinct,  that  no  doubt  can  be 
entertained  as  to  its  being  different  from  all  previously  known.  Its 
highest  chloride  has  a  line  orange  colour ;  and  when  ammonia  is 
added  to  its  aqueous  solution,  a  black  oxide  is  precipitated,  whereas 
the  solutions  of  the  other  platina  metals  are  not  precipitated  at  all 
by  ammonia  at  common  temperatures.  The  solution  of  the  chloride 
is  not  altered  by  hydrosulphuric  acid  (H'-S)  till  the  action  has  been 
long  continued,  and  then  a  brown  precipitate  is  at  first  obtained, 
which  afterwards  becomes  a  black  sulphuret,  and  the  solution  as- 
sumes a  magnificent  a/urc-blue  colour.  These  changes  dejiend  upon 
the  prcci])itati()n  of  a  small  portion  of  metallic  sulphuret  and  the 
converBion  of  the  chloride  into  a  higher  one,  which  has  a  blue  colour, 
and  which  is  not  decomposed  by  the  hydrosulphuric  acid.  If  a 
plate  of  zinc  be  put  into  the  solution  of  the  orange  chloride,  acidified 
by  a  little  hydrochloric  acid,  a  black  metallic  powder  is  precipitated 
after  some  time,  and  the  solution  becomes  of  a  deep  indigo-blue  co- 
lour ;  eventually  the  whole  of  the  metal  is  precipitated,  and  the  so- 
lution becomes  colourlesH. 

The  metal  thus  obtained,  and  all  its  combinations,  when  mixed 
with  a  large  quantity  of  nitre  and  heated  strongly  to  redncKs,  give  a 
blnckish-grccn  mn^H,  which,  when  dissolved  in  water,  yields  a  solu- 
tiun  uf  a  fine  orange- red  colour.     This  solution  of  the  potash  salt  of 
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the  metallic  acid  blackens  organic  bodies,  and  is  decomposed  by  the 
addition  of  organic  substances,  such  as  alcohol,  and  also  by  the  ac- 
tion of  acids,  &c. ;  and  there  is  precipitated  a  velvet-black  comjiound 
of  the  oxide  and  potash  ;  this  is  soluble  in  boiling  hydrochloric  acid, 
and  yields  an  orange-coloured  solution  of  the  chloride.  This  chlo- 
ride is  very  easily  decomposed,  especially  when  dissolved  in  water ; 
it  loses  chlorine  and  becomes  nearly  black,  and  sometimes  of  a  cherry- 
red,  and  precipitates  an  insoluble  black  powder.  In  this  state  of  de- 
composition it  possesses  an  almost  incredible  degree  of  colouring 
power,  so  that  a  few  hundredths  of  a  grain  render  half  a  pound  of 
water  almost  opake. 

If  the  chloride  be  precipitated  by  ammonia,  and  the  black  preci- 
pitate obtained  is  dissolved  in  hydrochloric  acid,  and  the  solution 
evaporated  to  dryness,  a  dirty  green  residue  is  formed,  this,  when 
dissolved  in  a  large  quantity  of  water,  gives  an  opake  solution,  which 
is  black  with  a  tint  of  cherry-red ;  this,  with  the  addition  of  a  little 
nitric  acid,  yields,  when  evaporated,  extremely  fine  tints  of  colour ; 
it  becomes  first  violet,  azure-blue,  red,  yellow,  and  lastly  green  by 
evaporation  to  dryness ;  this  last  property  is  also  possessed  by  the 
sesquichloride  of  iridium.  But  its  other  properties,  its  action  with 
nitre  and  hydrosulphuric  acid,  are  so  characteristic,  that  the  exist- 
ence of  ruthenium  as  a  peculiar  metal  is  evident  to  the  sight.  The 
tendency  of  this  metal  to  combine  with  the  alkalies  is  so  great,  that 
when  fused  with  potash  it  dissolves  perfectly,  and  yields  with  water 
an  orange-yellow  solution,  which  is  the  potash  salt  of  the  metallic 
acid.  - ,.  ,  ' 

On  this  account  this  metal  cannot  be  reduced  in  the  same  manner 
as  the  chlorides  of  the  other  metals  of  platina,  by  mixing  them  with 
soda  and  heating  them  to  strong  redness.  If  a  mixture  of  the  chlo- 
ride of  this  metal  with  soda  be  heated  to  redness,  the  greater  part 
of  the  mass  dissolves  in  water  with  an  orange-red  colour. 

M .  Claus  states  that  he  names  this  metal  ruthenium,  because  it  is 
found  in  small  quantity  in  the  white  substance  mentioned  by  Osann, 
consisting  chiefly  of  silicic  and  titanic  acid,  peroxide  of  iron  and 
zirconia ;  and  considered  by  him  as  a  peculiar  metallic  oxide,  which 
he  named  oxide  of  ruthenium.  The  dis<iovery  of  the  new  metal 
escaped  Osann,  because  he  repeatedly  treated  his  impure  oxide  of  ru- 
thenium with  hydrochloric  acid,  without  examining  the  solution,  and 
considered  the  insoluble  residue  as  the  new  oxide.  M.  Claus  further 
states,  that  he  has'  also  obtained  Osann's  oxide  of  ruthenium,  pos- 
sessing all  the  properties  which  this  chemist  assigns  to  it ;  from  this 
oxide  M.  Claus  procured,  by  means  of  hydrochloric  acid,  a  large 
quantity  of  his  oxide  of  ruthenium  with  a  little  peroxide  of  iron. 

Having  determined  the  properties  of  this  metal  by  operating  on 
small  quantities  of  it,  the  author  states  that  he  found  it  easy  to  ob- 
tain it  from  the  platina  residue  by  means  of  a  single  fusion  with 
nitre ;  the  treatment  with  hydrochloric  acid  being  difficult,  and  oc- 
cupying much  time. — Journ.  de  Pharm.  et  de  Ch,,  Juin  1845. 
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ON  OSMIUM  AND  ITS  COMPOUNDS. 

M.  Claus  states,  that  from  fifteen  pounds  of  platina  residue  he 
obtained  nearly  four  ounces  of  metallic  osmium.  During  these  ex- 
periments he  states  that  he  discovered  previously  to  M.  Fremy  the 
osmite  of  potash,  but  it  was  obtained  by  a  diflFerent  process.  It  is  a 
very  beautiful  salt,  which  crystallizes  in  regular  octahedrons  of  a 
black,  garnet,  or  rose-red  colour.  The  colour  depends  upon  the 
quickness  of  their  formation.  When  formed  slowly  by  gradual  cool- 
ing in  solutions  which  are  not  too  much  saturated,  they  are  black, 
the  edges  being  transparent  and  of  a  garnet-red  colour  :  if  they  are 
quickly  deposited  from  a  saturated  solution,  they  are  garnet-red ;  and 
if  the  separation  of  the  salt  be  effected  by  agitation,  the  crystals  arc 
pulverulent  and  of  a  rose-red  colour.  When  reduced  to  powder,  the 
salt  is  almost  white  ;  it  is  KO -f  OsO^ -f- Aq-.  It  dissolves  slowly  in 
water,  imparting  to  it  the  same  colour  as  manganesiate  of  potash. 
The  solution  is  partially  decomposed  by  evaporation  ;  free  osmic  acid, 
OsO*,  is  disengaged,  and  black  oxide  of  osmium,  OsO--|-Aq,  is  pre- 
cipitated ;  the  liquor  becomes  strongly  alkaline,  and  a  part  of  the  salt 
crystallizes  without  decomposition ;  the  decomposition  occasioned 
by  evaporation  may  be  prevented  by  adding  great  excess  of  potash 
to  the  solution  of  the  salt.  Acids  readily  decompose  the  solution  of 
osmite  of  potash,  yielding  oxide  of  osmium  and  osmic  acid  :  2(OsO'') 
produce  OsO^  +  OsO^ ;  this  fact  the  author  also  states  that  he  ob- 
served previously  to  M,  Fremy.  The  oxide  has  the  remarkable  pro- 
perty of  decomposing  with  slight  detonation  wiien  it  is  heated  in  a 
glass  tube  into  metallic  osmium  and  osmic  acid ;  2 (Os O')  yield 
Os  +  OsO* .  Osmite  of  barytes,  BaO  4-  OsO'  -f-  Aq,  forms  fine  black 
crystals  with  a  diamond-like  splendour ;  this  salt  is  prepared  by  mix- 
ing a  solution  of  osmic  acid  with  excess  of  barytes  water ;  the  yellow 
liquor  deposits  crystals  at  the  expiration  of  a  month  ;  a  large  quan- 
tity of  the  salts  of  iridium  was  also  obtained  among  other  products 
of  the  first  fusion  with  nitre ;  among  these  were  three  ounces  of  a 
salt  which  the  author  supposed  to  be  a  salt  of  iridium,  but  which  he 
afterwards  found  to  be  chloride  of  potassium  and  ruthenium. 

The  author  then  attempted  to  obtain  this  new  metal  from  the  re- 
sidue which  had  been  once  heated  to  redness  with  nitre,  and  treated 
with  water  and  acid  ;  the  following  process  succeeded,  and  one  ounce 
and  a  half  of  the  chloride  of  potassium  and  ruthenium  was  obtained 
by  it : — eqtial  parts  of  the  residue  and  of  nitre  were  heated  to  white- 
ness for  two  hours  in  a  Hessian  crucible  ;  the  calcined  mass  was  taken 
by  an  iron  spatula  from  the  crucible  while  red-hot,  and  reduced  when 
cooled  to  coarse  powder,  'i'his  was  treated  with  distilled  water,  and 
the  mixture  allowed  to  become  clear  by  standing ;  this  solution  was 
of  a  fine  deep  yellow  colour,  and  water  was  added  as  long  as  it  con- 
tinued to  dissolve.  This  solution  contains  ruthcniatc,  chronmte,  and 
silicate  of  potash,  without  any  trace  of  rhodium  or  iridiuui,  and  oidy 
a  slight  one  of  osmiule  of  potash.  Nitric  acid  is  to  be  cautiously 
added  to  the  solution  till  it  ceases  to  be  alkaline  ;  this  precipitates 
a  compound  of  oxide  of  ruthenium  and  potash,  and  a  small  quantity 
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of  silicic  acid,  in  the  state  of  a  velvet-black  powder,  and  chromate  of 
potash  remain  in  solution.  After  v^^ashing  the  compound  of  potash 
and  oxide  of  ruthenium  in  hydrochloric  acid,  the  solution  is  to  be 
evaporated  until  the  silicic  acid  gelatinizes ;  it  is  then  to  be  diluted 
with  water  and  filtered.  The  solution  must  not  be  evaporated  to 
dryness  in  order  to  separate  the  silica  more  perfectly,  because  in  that 
case  the  chloride  of  ruthenium  is  converted  into  an  insoluble  sub- 
chloride. 

The  filtered  solution  is  of  a  fine  yellow  colour,  and  is  to  be  re- 
duced to  a  small  quantity  and  mixed  with  a  concentrated  solution  of 
chloride  of  potassium,  there  then  separates  the  salt  KCl--f  RuCl*, 
in  reddish-brown  crystals.  The  liquor  poured  oif  from  the  crystals 
furnishes  afterwards  much  of  this  salt  by  evaporation ;  by  repeated 
crystallizations  this  salt  is  obtained  in  great  purity. — Journ.  de 
Pharm.  et  de  Ch.,  Juin  1845. 


OBSERVATIONS  ON  THE  FOREGOING  MEMOIRS.       BY  M.  FREMY. 

The  author  remarks,  that  M.  Claus  alludes  to  some  compounds  of 
osmium  which  he  had  obtained  before  him  (M.  Fremy).  He  further 
observes,  that  before  his  paper  on  metallic  acids  appeared  in  the 
Annates  de  C/iimie,  he  had  inserted  in  the  Comptes  Rendus  de  I' Aca- 
demic des  Sciences  and  in  the  Journal  de  Pliarmacie,  extracts  from  his 
researches  on  osmium,  in  which  he  stated  the  properties  and  compo- 
sition of  the  osmites.  M.  Frem"y  therefore  contends  for  the  priority 
of  his  experiments ;  he  also  observes  that  M,  Claus  represents  the 
osmites  by  OsO ',  MO,  which  is  the  composition  stated  in  his  me- 
moir.— Journ.  de  PJiarm.  et  de  Ch,.,  Juin  1845. 


EXAMINATION  OF  SOME  NATIVE   AND    ARTIFICIAL    COMPOUNDS 
OF  PHOSPHORIC  ACID.       BY  C.  RAMMELSBERG. 

[Continued  from  p.  158.] 

PhospJiate  of  Magnesia. 

According  to  Graham's  analysis,  the  salt  which  separates  on  mix- 
ing dilute  solutions  of  sulphate  of  magnesia  and  phosphate  of  soda 
contains  15  cq.  of  water,  8  of  which  are  given  off  at  212°.  The 
author  examined  the  gelatinous  precipitate  which  is  formed  in  con- 
centrated solutions  of  these  salts,  and  which  differs  from  the  former 
crystallized  salt  in  containing  less  water.  After  a  portion  had  been 
washed  in  the  cold  and  dried  in  the  air,  it  lost  1'558,  by  remaining 
for  some  time  over  sulphuric  acid  it  lost  0"113,  and  on  heating  to 
redness  0451  ;  in  all  0*567  =  36'2  per  cent.  The  estimation  of  the 
magnesia  showed  that  the  salt  was  2MgO,  P,,  O5,  and  that  the  amount 
of  water  it  contained  was  almost  accurately  7  eq.  =  35 "85  per  cent. ; 
consequently  this  salt  has  the  composition  of  that  crystallized  and 
dried  at  212°.  If  the  liquid  which  has  been  separated  from  the  cry- 
stals by  filtration  is  allowed  to  stand,  crystals  of  2MgO,  V^^O^  +  1 5 HO 
form  in  it ;  if  it  be  heated,  it  becomes  turbid,  and  a  flocculent  sub- 
stance is  deposited,  probably  the  tribasic  compound. 
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To  test  the  accuracy  of  Riffault's  statement,  that  the  phosphate  of 
magnesia  is  decomposed  by  ebullition  into  an  insoluble  basic  and  a 
soluble  acid  salt,  a  portion  of  the  precipitate  we  have  described,  still 
moist,  was  repeatedly  boiled  with  water,  the  whole  was  filtered  and 
the  residue  washed  with  hot  water.  The  filtrate  was  acid,  contained 
a  considerable  quantity  of  phosphoric  acid,  but  little  magnesia,  and 
did  not  yield  any  crystalline  salt.  The  phosphate  of  magnesia  is 
thus  decomposed  by  boiling  with  water  into  a  basic  salt  and  free 
acid.  The  former  when  dried  forms  a  white  powder,  and  only  differs 
from  the  bibasic  salt  in  being  coloured  yellow  by  salts  of  silver,  after 
having  been  heated  to  redness.  1*087  grm.  of  the  substance  dried 
in  the  air  lost  by  exposure  to  red  heat  0*267  ;  the  residue,  after 
being  heated  with  carbonate  of  soda  and  washed,  yielded  0'37  mag- 
nesia; consequently  the  salt  is  =  3MgO,  P2O5  +  5HO,  and  should 
yield,  according  to  calculation,  34*76  per  cent,  magnesia,  40*02 
phosphoric  acid,  and  25*22  water. 

Lazulite  and  Blue  spar. 
The  only  complete  analyses,  and  these  were  published  twenty-six 
years  ago,  are  of  the  lazulite  from  Riidelgraben,  near  Werfen,  and 
of  blue  spar  from  Krieglach  in  Styria. 

Lazulite  according      Blue  spar  according 
to  Fuclis.  to  Brandes. 

Silica    2*10  6*50 

Phosphoric  acid    . .      41*81  43*32 

Alumina   35*73  34*50 

Magnesia 9*34  13*56 

Protoxide  of  iron  . .        2*64  0*80 

Lime 0*42 

Water 606  050 

97*68  99*60 

The  author  analysed  a  dark  blue  lazulite  from  the  Fischbacher 
Alp  in  the  province  of  Gratz,  and  a  bright  blue  spar  from  Krieglach 
in  Styria.  The  specific  gravity  of  the  lazulite  was  3*106-3*123, 
Fuchs  found  3*057  ;  that  of  the  blue  spar  3*021 ,  according  to  Brandes 
3*001 ;  according  to  Klaproth  3*046.  On  account  of  the  great  diffi- 
culties presented  in  the  analysis  of  these  substances,  the  author,  even 
by  repeating  them  several  times,  could  not  obtain  results  which 
agreed  perfectly.  The  mineral  was  heated  to  redness,  to  estimate  the 
quantity  of  water  it  contained  :  this  caused  the  colour  to  change 
from  yellow  to  brown,  resulting  from  the  oxidation  of  the  protoxide 
of  iron.  The  substance  in  fine  powder  was  fused  with  carbonate  of 
soda  and  the  mass  decomposed  by  muriatic  acid.  After  separating 
the  silica,  the  acid  solution  was  digested  and  boiled  with  concen- 
trated solution  of  potash  in  a  platinum  dish,  which  effected  the  solu- 
tion of  the  greater  part  of  the  alumina  and  phosphoric  acid.  The 
phosphate  of  alumina  was  then  thrown  down  by  ammonia,  from  the 
liquid  acidified  with  muriatic  ucid ;  its  comjjosition  was  ascirtained 
cither  by  fusion  with  caibonatc  of  soda  and  silica,  or  by  dccompoHing 
it  by  8ul))huric  acid  and  sulphate  of  soda.     The  ])hosphoric  acid  re- 
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maining  in  the  liquid  was  precipitated  by  chloride  of  calcium.  The 
portion  undissolved  by  the  potash,  which  contained  the  oxide  of  iron, 
lime  and  magnesia,  with  some  alumina  and  phosphoric  acid,  was  dis- 
solved in  muriatic  acid  and  precipitated  by  ammonia. 

This  threw  down  everything  except  the  greater  part  of  the  lime 
and  magnesia,  which  was  separated  from  the  filtered  solution  in  the 
ordinary  way.  The  precipitate  was  heated  to  redness  with  carbonate 
of  soda,  a  little  caustic  potash  being  added,  then  exhausted  with 
water,  and  the  solution  treated  in  the  same  manner  as  the  potash 
solution  obtained  at  first,  to  which  it  was  added,  whilst  the  residue, 
dissolved  in  muriatic  acid,  yielded  the  amount  of  iron,  lime,  and  mag- 
nesia. The  following  are  the  results  of  five  analyses  of  lazulite  and 
three  analyses  of  blue  spar : — 

Lazulite. 

I.                II.  III.  IV.  V. 

Silica 0-63  4-44  4-44  176  8-04 

Phosphoric  acid 42-19  41-58  4491  40-60(46-10*)    43-26(49-8) 

Alumina 29-42  31-63  26-39  3210  24-76 

Magnesia    1061          860  10-69  937  981 

Protoxide  of  iron  ...  10-55          6-69  618  9-37  7'21 

Lime  1-11          1-38  203  0-77  Ml 

Water 5-59          568  5-36  6-03  5-81 

100-  100-  100-  100-  100- 

Blue  spar. 

I.  II.                III. 

Silica 6-64  6-64  12'56 

Phosphoric  acid 38-05  (43-05)  44-21  40-12  (42-77) 

Alumina    33-93  28-05  24*12 

Magnesia 12-04  11-39  10*67 

Protoxide  of  iron  . .      1-54  J-77               2-56 

Lime 1-32  1-54              4-67 

Water   6-48  6-40              5-30 

100-  100-  100- 

These  analyses  differ  principally  in  the  quantity  of  phosphoric 
acid  and  alumina  they  contain,  and  the  amount  of  the  latter  is  much 
too  small,  which  is  dependent  on  the  method  used  in  its  separation. 
The  silica  exists  accidentally  in  the  mineral  in  the  form  of  quartz, 
its  amount  must  therefore  be  deducted.  Now  if  we  calculate  the 
oxygen  in  the  quantities  ascertained,  it  is  found  that  in  most  of  the 
experiments  the  amount  of  oxygen  in  the  alumina  is  twice  as  great 
as  that  in  the  bases  (RO).  That  of  the  phosphoric  acid  is  apparently 
twice  as  great  as  that  of  the  alumina,  and  that  of  the  water  is  equal 
to  that  of  the  bases  (RO).  The  quantities  of  oxygen  in  RO  :  Ala  O, 
:  P„  O3 :  HO  are  in  the  proportion  of  3  :  6  :  12-5  :  3.  The  most  pro- 
bable expression  of  lazulite  and  blue  spar  then  is,  2R3  O^  P^  O5 
+  4AI2O3,  3P2O5  +  6HO  ;  a  formula  the  first  member  of  which  cor- 
responds with  the  ordinary  degree  of  saturation,  the  second  with  a 

*  The  figures  within  the  brackets  indicate  the  quantities  of  phosphoric 
acid  found,  those  in  the  diagram  itself  are  calculated. 
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wavellite  free  from  water  and  fluorine ;  consequently  lazulite  and 
blue-spar  are  the  same  mineral,  and  are  only  distinguished  by  the 
former  containing  a  larger  portion  of  protoxide  of  iron,  which  is  iso- 
morphous  with  the  magnesia,  hence  also  its  darker  colour.  But  as 
the  protophosphate  of  iron  is  colourless,  and  the  double  salt  only 
yields  a  blue  colour  with  basic  ])hosphate  of  iron,  it  is  probable  that 
lazulite  also  contains  some  peroxide  of  iron. 

Amblygonite. 

ITiis  mineral,  which  was  discovered  by  Breithaupt,  and  is  found 
only  in  the  granite  of  Penig(Chursdorf  and  Arnsdorf)  and  Zinnwald, 
is  one  of  the  rarest,  and  from  its  chemical  composition,  one  of  the 
most  remarkable  minerals.  Berzelius  found  11  per  cent,  of  lithia,  as 
well  as  phosphoric  acid  and  fluorine.  According  to  Plattner  it  also 
contains  soda,  tinging  the  flame  of  the  blowpipe  yellow,  so  that  the 
reaction  of  the  lithia  is  barely  perceptible.  Its  specific  gravity,  ac- 
cording to  Breithaupt,  is  311.  After  making  many  fruitless  expe- 
riments the  author  adopted  the  following  method  of  analysis  : — The 
mineral,  in  fine  powder,  is  heated  with  sulphuric  acid  in  a  platinum 
vessel  until  the  fluorine  is  driven  off",  the  solution  is  diluted  with 
water  and  precipitated  by  ammonia ;  the  alumina  and  part  of  the 
phosphoric  acid  are  thus  thrown  down,  and  the  precipitate  may  be 
decomposed  by  fusion  with  either  carbonate  of  soda  and  silica,  or 
bisulphate  of  potash.  The  ammoniacal  filtrate,  which  contains  the 
alkalies  and  the  remainder  of  the  phosphoric  acid,  is  decomposed 
with  chloride  of  calcium  to  separate  the  latter,  and  the  excess  of 
lime  is  afterwards  removed  by  oxalic  acid.  The  alkaline  sulphates 
remaining  after  evaporation  and  heating  to  redness,  are  estimated  by 
first  precipitating  the  potash  by  chloride  of  platinum ;  the  weights 
of  the  sulphate  of  lithia  and  soda  arc  next  estimated,  and  finally  the 
quantity  of  acid  they  contain.  To  ascertain  the  amount  of  fluorine, 
the  powder  of  the  mineral  was  distilled  with  silica  and  sulphuric  acid, 
and  the  fluoride  of  silicium  conducted  into  water,  so  that  none  of  it 
could  escape.  The  fluid  was  supersaturated  in  a  platinum  dish  with 
pure  carbonate  of  soda,  boiled,  and  finally,  after  the  escape  of  the 
carbonic  acid,  precij)itatcd  by  ammonia  and  chloride  of  calcium.  The 
analysis  yielded  the  following  results  : — 

I.  II.  III.  IV.  V. 

Phosphoric  acid  .     4800        4715 

Alumina   36-26         38'43         36-62         3689 

Lithia   6-33  703 

Soda 5-48  329 

Potath 0-43 

Fluorine    ^'11 

Wc  cannot  regard  amblygonite  tus  u  compound  of  fluorich*  of  li- 
thium and  »odiuui  with  pho»])hutc  of  ulutnina,  because  the  amount 
of  fluorine  is  not  sufficient  to  >«aturate  the  metaUic  bases  of  the  alkii- 
liei :  consequently  it  niu&t  consist  of  phonphatc  of  alumina  and  lithia 
(soda),  and  fluoride  of  aluminium  (sodium).     Three-fourths  of  the 
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fluorine  belong  to  the  aluminium,  one- fourth  to  the  lithium  and  so- 
dium, thus  in  the  proportion  of  5  equiv.  to  2  eq.  In  the  remaining 
double  phosphate  the  quantity  of  oxygen  in  the  alumina  is  half  as 
great  as  that  in  the  phosphoric  acid,  that  of  the  alkalies  amounts  to 
a  third  part  of  the  former.  Whilst  the  alumina  of  the  phosphate 
contains  five  times  as  much  oxygen  as  the  aluminium  of  the  fluoride 
which  is  converted  into  alumina,  we  thus  obtain 

(5R3  O  3P2  0,  +  5Al2  O3  3P,  O,)  -I-  (RFl  4-  2A1 3FI) 

as  the  formula  for  amblygonite. 

It  has  been  previously  mentioned,  that  ammonia  throws  down 
phosphate  of  alumina  from  the  solution  of  the  amblygonite  in  sul- 
phuric acid.  The  quantity  in  one  experiment  amounted  to  G8*33 
per  cent,  of  the  mineral,  and  consisted  of  3r71  phosphoric  acid  and 
3662  alumina,  consequently  it  was  SAl.^O,,  SPoO^,  i.e.  the  same 
phosphate  as  the  formula  requires. — Poggendorff's  Ann.  Ixiv.  p.  251. 
[To  be  continued.] 


I 

THE  GREAT  SYMMETRICAL  BAROMETRIC  WAVE. 
In  the  report  on  Atmospheric  Waves  which  I  had  the  honour  to 
present  to  the  British  Association  for  the  Advancement  of  Science 
at  its  last  meeting,  there  is  one  point  of  great  interest,  and  which  it 
is  very  desirable  to  investigate  further ;  I  allude  to  the  recurrence 
of  the  great  symmetrical  barometric  wave,  an  engraving  of  which  is 
inserted  in  the  Report  of  the  Thirteenth  Meeting  of  the  Association. 
This  wave,  extending  over  thirteen  days,  was  first  observed  in  No- 
vember 1842;  the  apex  passed  London  about  noon  of  the  18th. 
Its  return  in  1843  occurred  about  noon  of  the  14th,  with  a  rise  and 
fall  of  nearly  the  same  period ;  and  in  1844  a  nearly  similar  rise  and 
fall  of  the  barometer  took  place, — the  epoch  of  the  transit  of  the 
crest,  October  27,  about  noon.  These  almost  regular  barometric 
oscillations  render  the  barometric  movements  of  the  months  of  Oc- 
tober and  November  highly  interesting.  It  is  accordingly  proposed 
that  meteorological  observations,  on  a  similar  plan,  should  be  made 
as  extensively  as  possible,  with  a  view  to  observe  this  particular 
wave,  should  it  again  return  ;  and  meteorologists  are  invited  to  direct 
their  particular  attention  to  the  oscillations  of  the  barometer  during 
these  months. 

Times  of  Observation. — The  following  hours  are  the  most  suitable 
for  the  object  now  in  view : — 3  a.m.,  9  a.m.,  3  p.m.  and  9  p.m. ; 
these  hours  divide  the  day  into  four  equal  parts ;  they  have  been  re- 
commended by  the  Royal  Society  as  meteorological  hours,  and  are 
the  hours  at  which  observations  are  made  daily,  by  direction  and 
under  the  superintendence  of  the  Honourable  the  Corporation  of  the 
Trinity  House,  which  have  been  most  advantageously  used  in  the 
examination  of  atmospheric  waves. 

In  cases,  however,  in  which  the  observation  at  3  a.m.  may  be  in- 
convenient or  impracticable,  it  will  be  important  to  substitute  for  it 
two  observations,  one  at  midnight  and  the  other  at  6  in  the  morning, 


238  Intelligence  and  Miscellaneous  Articles. 

80  that  the  hours  of  observation  will  in  such  cases  be  6  a.m.,  9  a.m., 
3  p.m.,  9  p.m.  and  midnight. 

To  individuals  who  cannot  command  these  hours,  it  is  recom- 
mended that  observations  should  be  made  as  near  them  as  possible  ; 
these  will  still  be  valuable,  although  not  to  so  great  an  extent  as 
those  made  at  the  regular  hours.  In  these  cases,  however,  it  will 
be  absolutely  necessary  to  substitute  two  readings  for  every  one  of 
the  regular  hours  omitted — one  previous  to,  the  other  succeeding 
the  hour  so  omitted ;  and  these  should,  if  possible,  include  an  equal 
interval  both  before  and  after  such  hour.  In  all  cases  the  exact  hour 
and  minute  of  mean  time  at  the  place  of  observation  should  be  in- 
serted in  its  appropriate  column  in  the  form  for  recording  the  obser- 
vations. • 

At  the  regular  hours  of  observation,  or  any  others  that  the  ob- 
server may  fix  upon,  in  accordance  with  the  foregoing  instructions, 
it  will  be  necessary  to  obsen'e, — 

1st.  The  barometer,  with  its  attached  thermometer,  and  enter  in 
the  form  the  actual  height  observed  with  the  temperature  of  the  mer- 
cury. 

2nd.  The  external  and  dry  thermometer.     • 

3rd.  The  wet  bulb  thermometer. 

These  observations  are  particularly  essential  in  order  to  separate 
the  pressure  of  the  vapour  from  the  aggregate  pressure,  as  measured 
by  the  mercurial  column. 

4th.  The  direction  and  force  of  the  wind. 

These  are  important  to  determine  the  connexion  between  the  un- 
dulatory  and  molecular  motion  of  the  wave. 

5th.  The  character  of  the  weather  at  the  times  of  observation ; 
which  may  be  recorded  by  Capt.  Beaufort's  symbols. 

It  is  proposed  to  commence  the  observations  on  the  1st  of  October 
next,  and  continue  them  dai/ij,  until  the  end  of  November,  unless  it 
should  be  found  that  at  that  time  the  wave  is  not  completed,  in  which 
case  it  will  be  requisite  to  continue  them  a  few  days  longer. 

It  will  be  necessary  on  returning  the  form  (to  be  forwarded  to  ob- 
servers) when  filled,  to  accompany  it  with  the  following  data  for  re- 
duction.    A  blank  is  left  for  this  j)urj)ose  on  the  back  of  the  form. 

The  geograj)hical  co-ordinates  of  the  i)lace  of  observation,  vi/.. 
latitude  and  longitude. 

The  altitude  of  the  cistern  of  the  barometer  above  the  level  of  the 
sea,  exactly,  if  not,  as  near  as  it  can  be  obtained. 

The  internal  diameter  of  the  tube  of  the  barometer. 

ITie  capacity,  neutral  jjoint,  and  temperature. 

These  are  usually  engraved  on  the  instrument. 

If  the  coefficients  of  the  diurnal  and  annual  oscillations  have  l)i  ( ii 
determined  for  the  place  of  observation,  include  them. 

ThoHC  sets  of  observationB  which  may  be  reduced  by  the  observer? 
should  be  accompanied  with  the  original  obHcrvations,  and  a  refer- 
ence to  the  tables  used  in  tlicir  reduction,  also  the  data  above  men- 
tioned. V 
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"to 


Gentlemen,  on  applying  to  me,  may  be  furnished  with  copies  of 
these  instructions  and  forms  for  recording  the  observations ;  and  all 
observations  that  may  be  made  in  accordance  therewith  and  for- 
warded to  me,  will  be  carefully  examined  and  reported  on  at  the 
next  meeting  of  the  British  Association. 

N.B.  Observations  will  be  made  at  several  Lighthouses  by  direc- 
tion of  the  Honourable  the  Corporation  of  the  Trinity  House,  and 
Captain  Beaufort  has  most  kindly  undertaken  to  obtain  observations 
from  several  of  our  surveying  vessels. 

2  Sidney  Place,  Cambridge  Road,  W.  R.  Birt. 

Bethnal  Green. 


METEOROLOGICAL  OBSERVATIONS  FOR  JULY  1845. 

Chiswick. — July  1.  Rain  and  boisterous,  with  heavy  rain  in  forenoon  ;  over- 
cast. 2.  Overcast :  rain.  3.  Sultry :  thunder  and  rain  :  clear  at  night.  4,  5. 
Very  fine.  Q.  Sultry,  with  slif^ht  dry  haze  :  lightning  at  night.  7,  8.  Very  fine. 
9.  Cloudy  :  rain.  10.  Rain  :  overcast.  11.  Rain  :  cloudy  :  1  p.m.  thunder  and 
excessively  heavy  rain  commenced.  12.  Fine.  13.  Slight  rain:  overcast. 
14.  Very  fine :  rain.  15.  Showery:  fine.  16.  Very  fine  :  rain.  17.  Showery. 
18,19.  Very  fine.  20.  Cloudy  :  rain.  21.  Fine,  22.  Very  fine  :  rain.  23. 
Drizzly.  24.  Overcast.  25,  26.  Foggy  :  overcast.  27,  28.  Cloudy :  rain. 
29.  Heavy  clouds  :  clear.  30.  Densely  clouded  :  rain.  31.  Heavy  showers. — 
Mean  temperature  of  the  month  1^°  below  the  average. 

Boston. — July  1.  Cloudy:  rain  early  a.m.:  rain  a.m.  and  stormy  p.m.  2. 
Cloudy.  3.  Cloudy:  rain  early  a.m.:  rain  with  thunder  and  lightning  a.m. 
4.  Cloudy  :  rain,  with  lightning  p.m.  5.  Fine.  6.  Fine  :  lightning  at  night. 
7.  Fine:  3  o'clock  p.m.  thermometer  81°.  8.  Fine.  9.  Fine  :  rain  p.m.  10. 
Cloudy.  11.  Rain.  12,  13.  Cloudy.  14.  Cloudy:  rain  early  a.m.  :  rain  p.m. 
15,16.  Fine.  17.  Rain.  18.  Fine.  19,  Cloudy.  20.  Cloudy:  rain  p.m. 
21 — 27.  Cloudy,  28,  Fine :  rain  p.m.,  with  thunder  and  lightning.  29.  Rain: 
rain  early  A. M  :  rain  p.m.  SO.  Fine:  rain  p.m.  31.  Fine:  rain,  with  thunder 
and  lightning  p.m. 

Sandwich  Afanse,  Orkney. — July  1.  Cloudy  :  rain.  2,  Damp:  clear.  S.  Clear: 
drizzle.  4.  Clear:  showers.  5,6.  Clear.  7.  Rain :  fog.  8.  Clear.  9.  Cloudy: 
showers.  10.  Showers:  clear:  damp.  11.  Bright:  showers.  12.  Showers. 
13.  Showers:  clear.  14,  15.  Cloudy:  showers.  16.  Cloudy.  17.  Clear. 
18,  19.  Bright:  hot.  20.  Damp:  fog.  21.  Fog.  22,  23.  Cloudy.  24.  Cloudy: 
damp.  25.  Cloudy :  drops.  26.  Drops :  cloudy.  27.  Clear :  showers. 
28.  Clear:  rain:  clear.     29.   Fine.     30.   Cloudy  :  fine.     31.  Bright :  drops. 

Apjifegarlh  Manse,  Dumfries-shire. — July  1.  Very  heavy  rain.  2.  Very  beau> 
tiful  day.  ?>.  Showers  :  thunder.  4,  Fine.  5.  Very  fine.  6,  Showers  :  thunder. 
7.  Showers  A.M. :  fine  p.m.  8,9,  Showers,  10.  Fair  and  fine.  11.  Showers. 
12.  Fair  and  clear.  13.  Wet.  14.  Heavy  showers.  15.  Fair  and  fine.  16. 
Heavy  showers.  17.  Fair  and  fine.  18,19.  Fair,  but  cloudy.  20,21.  Fair, 
but  clear.  22,  23.  Fair,  but  cloudy.  24,  25.  Fair  and  fine.  26.  Showers. 
27.  Fair  a.m.  :  showers  p.m.  28.  Fine  :  thunder.  29.  Showers  p.m.  30,  31. 
Showers. 

Mean  temperature  of  the  month  56'^"2 

Mean  temperature  of  July  1844       56  "9 

Mean  temperature  of  July  for  twenty-three  years  .  58  -1 

Rain  in  July 2  -18  inches. 

Mean  rain  in  July  for  eighteen  years      3*91      „ 
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XXXV.  An  Account  of  the  Fossil  Trees  found  at  St.  Helen's. 

By  Edavaud  William  Binney  and  Robert  Harkness*. 
[With  two  Plates.] 

A  BOUT  the  beginning  of  August  1843,  owing  to  the  ex- 
-^^  cavations  made  in  the  White  Grit  Quarry  at  Scotch- 
row,  near  St.  Helen's,  three  almost  perfect  specimens  of  fossil 
trees  were  discovered. 

At  the  Cork  meeting  of  the  British  Association,  Mr.  Binney 
gave  a  verbal  account  of  the  fossils,  and  in  October  of  the 
same  year  read  a  paper  upon  them  before  the  Manchester 
Geological  Society,  which  was  afterwards  published  in  the 
Philosophical  Magazine  for  March  of  last  year. 

The  fossils,  then  laid  bare  only  on  their  western  side,  were 
found  standing  almost  upright  in  a  thick  deposit  of  indurated 
gray  silty  clay,  locally  known  by  the  name  of"  warren,"  which 
lies  immediately  upon  the  white  sandstone,  which  in  this  loca- 
lity is  about  ten  yards  thick,  and  which  it  is  necessary  to  re- 
move before  the  while  sandstone  can  be  worked.  The  whole 
thickness  of  the  clay,  as  seen  at  this  period,  was  about  seven 
yards,  and  the  bases  of  the  fossils  were  on  an  average  about 
eight  feet  above  the  white  sandstone;  above  the  clay  there  oc- 
curred a  deposit  of  till,  about  seven  feet  in  thickness,  which 
appeared  to  cut  off  the  upper  portion  of  the  trees ;  all  of  which 
stood  in  a  line  running  nearly  north  and  south,  and  at  right 
angles  to  the  strata,  which  dip  at  an  angle  of  about  23°  to  the 
E.S.E. 

The  geological  position  of  the  deposit  in  which  the  fossil 
trees  are  met  with,  is  in  the  lower  part  of  the  middle  Lanca- 
shire coal-field,  about  119  yards  above  the  Rushey-park  seam, 
the  last  thick  coal  in  the  series,  and  between  the  seams  known 
in  the  neighbourhood  of  St.  Helen's  by  the  names  of  the  Sir 
*  Communicated  by  the  Authors. 
Phil.  Mag.  S.  3.  Vol.  27.  No.  180.  October  1 845.         R 
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Roger  and  Yard  mines.  We  are  enabled,  by  the  kindness  of 
our  friend  Mr.  William  Hawkshead  Talbot,  to  give  the  fol- 
lowing section  showing  the  position  of  the  fossils : — 

yds.  ft.   in. 

Coal 0     2     0 

Dirt 0     10 

Coal 0     0     9 

Dirt 0     0     6 

Coal 0     10 

Warren  containing  the  trees  .  17     0     0 

Stone,  "white  grit"      ...  16     1     0 

Coal  and  dirt 10     0 

The  thickness  of  the  warren  and  white  grit,  as  shown  in 
this  section,  differs  from  that  obtained  in  the  quarry;  but  this 
circumstance  is  easily  accounted  for,  when  we  consider  that  in 
the  one  case  the  section  is  from  the  deep,  whilst  in  the  other, 
at  the  quarry,  it  is  taken  at  the  outcrop. 

On  the  discovery  of  the  trees,  hundreds  of  people  visited 
them,  and  the  novelty  of  the  occurrence,  as  well  as  their  very 
perfect  state  of  preservation,  had  so  far  excited  the  ignorant 
cupidity  of  many,  that  although  every  care  was  taken  by  the 
proprietor  of  the  quarry  to  preserve  them,  yet  still  individuals 
found  means  to  obtain  portions  of  the  roots,  by  placing  ladders 
against  the  perpendicular  wall  of  rock  beneath  them  at  night, 
and  by  this  means  mutilated  them  very  considerably. 

The  tree  on  the  north  side  of  the  quarry  was  about  four 
feet  in  length,  cylindrical,  decorticated,  and  about  a  foot  in 
thickness,  not  possessing  any  well-defined  seams,  but  with 
ribs  and  furrows,  proving  it  to  be  a  Sigillarin.  At  its  base 
there  were  no  distinct  roots,  but  in  llie  clay  underneath  it 
were  numerous  impressions,  which  were  evidently  those  of 
roots,  and  from  which  there  emanated  distinct  and  easily  traced 
6brils  or  rootlets. 

The  one  occupying  a  central  position  in  the  quarry  had  been 
removed,  and  was  lying  in  a  fragmentary  state  in  an  adjoining 
quarry.  Its  diameter  was  about  fifteen  inches,  and  in  form  it 
Appeared  to  have  been  nearly  cylindrical.  The  external  sur- 
face presented  all  the  scars,  ribs  and  furrows  which  commonly 
oppertain  to  Sigillan'u  mij/'oi-im's,  so  much  so  as  to  induce  tlie 
authors  to  believe  that  the  individual  belonged  to  that  species. 
From  information  received  from  the  workmen,  this  specimen 
does  not  appear  lo  hove  had  any  traces  of  roots. 

The  individual  situated  on  the  south-west  side  of  the  quarry 
was  by  far  the  largest  and  most  perfect  specimen,  being  ori- 
ginally nine  feet  in  height;  two  fuel  had  however  been  re- 
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moved  from  it  when  the  authors  first  saw  it,  so  that  when  mea- 
sured by  them  it  was  found  to  be  only  seven  feet  high.  It 
differed  from  the  others  in  form,  being  tapering  instead  of  cy- 
lindrical. Fully  one-half  the  tree  was  encased  in  the  matrix, 
but  sufficient  was  visible  to  give  a  correct  idea  of  the  nature 
of  the  stem,  the  upper  portion  of  which  was  covered  by  pretty 
regular  ribs,  which  were  about  two  inches  in  breadth  and  se- 
parated from  each  other  by  shallow  and  narrow  furrows,  par- 
tially filled  with  coaly  matter.  The  surface  of  the  ribs  was 
covered  with  irregular  longitudinal  lines,  and  when  viewed 
through  a  lens  showed  distinct  impressions  of  longitudinal 
fibres :  no  traces  of  scars  were  however  visible. 

The  trunk  was  for  the  most  part  decorticated,  but  in  some 
places  small  patches  of  coaly  bark  were  observable.  The  ribs 
and  furrows  became  more  irregular  and  indistinct  as  they  ap- 
proached the  base,  and  in  the  lower  parts  of  the  tree  wholly 
disappeared.  At  this  part  the  stem  presented  a  rugged  and 
gnarled  appearance,  much  resembling  the  base  of  large  and 
old  trees  when  deprived  of  their  bark. 

At  the  base  of  the  stem  were  found  four  roots,  which  seemed 
to  emanate  from  the  tree  in  pairs.  The  two  which  issued  im- 
mediately from  the  most  prominent  portion  of  the  base  of  the 
tree,  as  seen  when  in  part  encased  in  its  matrix,  had  been  in 
a  great  measure  removed,  only  about  eight  inches  remaining; 
but  the  two  others  were  more  perfect  and  larger,  the  one  being 
about  fourteen  inches  and  the  other  about  two  feet  in  length. 
The  workmen  however  affirmed  that  the  roots  were  originally 
considerably  larger,  and  that  they  had  extended  fully  nine  feet 
from  the  stem.  All  the  roots  were  covered  with  bark,  which 
adhered  to  the  matrix  in  which  they  were  imbedded,  so  that 
when  cleared  they  always  appeared  decorticated.  The  surface 
of  the  roots,  when  at  any  distance  from  the  stem,  was  covered 
with  the  corrugated  lines  and  areolae,  which  are  characteristic 
of  Stigmaria.  From  each  of  these  areolae  there  issued  a  long, 
generally  compressed,  black  fibril,  having  in  some  cases  traces 
of  a  small  internal  cylinder.  These  fibrils  were  met  with  run- 
ning in  all  directions  through  the  indurated  blue  clay,  and 
some  of  which  when  measured  exceeded  three  feet  in  length. 

Such  is  a  description  of  the  trees  as  seen  in  August  1843; 
they  remained  in  the  same  position  from  this  period,  protected, 
by  a  perpendicular  face  of  rock  sufficiently  high  to  prevent 
access  by  ordinary  ladders,  from  the  vandalism  which  previ- 
ously injured  them;  and  by  their  mineral  nature,  which  dif- 
fered from  the  substance  in  which  they  were  imbedded,  being 
a  hard  fine-grained  grayish-brown  sandstone,  from  the  effects 
of  the  atmosphere  until  the  month  of  May  1845.   During  this 
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interval  they  were  visited  at  different  times  by  the  authors,  who 
were  desirous  of  being  present  when  the  whole  of  the  larger 
tree  should  be  uncovered,  in  order  to  examine  the  opposite 
side.  This  occurrence  took  place  on  the  21st  oF  May  last, 
intimation  having  previously  been  given  to  Dr.  Biickland  and 
other  geologists,  that  on  that  day  the  tree  would  be  entirely 
uncovered,  in  order  to  afford  them  an  opportunity  of  seeing 
the  connection  which  subsists  between  Sigillaria  and  Stigmaria, 
as  shown  by  this  plant.  Circumstances  having,  however,  in- 
terfered to  prevent  several  from  availing  themselves  of  the  op- 
portunity, the  only  individuals  who  were  present  when  the 
tree  was  laid  bare,  with  the  exception  of  the  workmen,  were 
the  authors  of  this  account.  The  appearances  on  the  eastern 
side  of  the  tree  were  very  similar  to  those  on  the  western  :  the 
furrows  and  ribs  were  to  a  great  extent  the  same,  and  at  once 
identified  the  tree  with  Sigillaria,  although  no  distinct  scars 
were  noticeable.  Larger  portions  of  the  bark  occurred  on 
this  side  than  on  the  one  laid  bare  two  years  previous.  One 
of  these  near  the  top,  in  thickness  from  one-third  to  half  an 
inch,  was  eight  inches  square,  and  another  near  the  base  was 
of  still  larger  size.  These  patches  of  bark  were  marked  by 
longitudinal  fibrous  lines,  easily  distinguishable  to  the  eye, 
and  similar  to  those  which  occurred  upon  the  stem  when  de- 
corticated, but  of  greater  size.  The  stem  contained  no  inter- 
nal cylinder,  and  all  its  tissues  seemed  to  have  been  removed 
before  the  mineral  matter  of  which  it  was  composed  had  filled 
up  the  internal  portion  of  the  plant.  A  considerable  portion 
had  disappeared  from  the  upper  part  of  the  stem  since  it  was 
first  seen  in  August  1843,  the  eastern  side  only  measuring 
three  feet  seven  inches  in  height,  and  its  circumference  at  the 
top  was  six  feet  eleven  inches,  about  tlie  middle  eight  feet  five 
inches,  and  at  the  base  nine  feet  nine  inches,  showing  cor- 
rectly the  tapering  form  of  the  stem,  which  at  its  lower  part 
presented  the  same  gnarletl  appearance  as  seen  on  the  oppo- 
site side  two  years  previously. 

At  the  base  of  the  stem  the  tree  appeared  to  increase  in 
thickness  very  rapidly,  and  on  removing  the  matrix  on  the 
north-eastern  side,  a  bulging  form  was  in  part  visible ;  an  ap- 
pearance owing  to  the  roots  diverging  from  tlie  stem,  whicjj 
when  u  greater  portion  of  the  gray  clay  had  been  removed, 
became  oDservable.  On  this  side  there  seemed  at  first  to  be 
two  enormously  thick  roots,  each  occupying  about  a  (juarter 
of  the  base  of  the  tree ;  but  on  the  removal  of  more  of  tlie 
matrix,  cacli  of  these  two  roots  again  divided  themselves 
C(|UBlly,  and  gave  rise  to  two  others  similar  in  si/e  :  and  when 
more  of  the  clay  had  been  removed,  each  of  these  secondary 


the  Fossil  Trees  found  at  St.  Helen's.  245 

roots  in  their  turn  became  dichotomously  divided,  and  gave 
origin  to  two  other  equal  and  similar  roots. 

To  enter  into  a  more  detailed  description  of  these  roots  and 
their  sizes  :  — The  main  roots  at  their  commencement  measured 
each  three  feet  two  inches  across,  and,  after  running  about  one 
foot  three  inches,  gave  birth  to  the  secondary  ones,  which  were 
about  two  feet  four  inches  in  breadth  at  their  commencement; 
these,  at  the  distance  of  about  seven  inches  from  their  origin, 
again  bifurcated  and  produced  two  tertiary  roots,  each  of  which 
was  about  one  foot  four  inches  across.  By  this  regular  mode 
of  dividing  each  of  the  main  roots  produced  four  distinct  and 
separate  ones,  each  at  its  commencement  of  a  compressed  oval 
form.  The  tertiary  roots  struck  down  into  the  clay  in  an  al- 
most perpendicular  direction  from  one  foot  ten  inches  to  about 
two  feet,  after  which  they  took  a  nearly  horizontal  direction, 
without  taking  the  dip  of  the  strata  into  consideration,  or  else 
they  would  have  appeared  to  run  upwards.  In  order  to  give 
a  more  correct  idea  of  the  roots,  the  following  description  of 
the  drawings  has  been  added : — In  Plate  V.  fig.  1  A  represents 
a  fragment  of  a  root  on  the  northern  side  which  had  been  in- 
jured in  making  the  excavation ;  its  inclination  was  about  30°. 
The  one  marked  B  ran  at  its  commencement  more  on  the 
level  than  the  preceding  one,  and  swelled  out  in  a  singular 
manner  for  some  distance,  dipping  at  an  angle  of  20°;  it  soon 
however  struck  downwards  at  a  much  steeper  angle,  viz.  50°, 
and  after  proceeding  in  that  direction  about  fourteen  inches, 
it  took  a  horizontal  course  and  became  a  flattened  Stigmaria. 
The  one  marked  C  dipped  downwards  at  an  angle  of  58°; 
that  marked  D  at  80°,  and  the  ones  marked  E  and  F  at  a 
similar  angle,  and  G  at  50°  before  they  took  horizontal  direc- 
tions. The  root  H,  like  A,  was  a  mere  fragment  and  dipped 
at  an  angle  of  35°.  All  the  roots  taper  much  as  they  proceed 
downwards,  assuming  more  and  more  the  Stigmaria  character, 
until  they  run  through  the  strata  in  a  horizontal  direction, 
when  they  become  possessed  of  all  the  appearances  of  flattened 
specimens  of  that  plant.  In  order  to  show  how  quickly  the 
roots  diminish  in  size,  it  may  be  stated  that  the  one  marked 
G  at  the  point  of  its  first  bifurcation  measured  one  foot  three 
inches  across,  and  at  the  distance  of  three  feet  below  the  same 
root  only  measured  five  inches  in  breadth.  This  root  was 
four  feet  six  inches  long  from  its  origin,  at  the  stem,  to  its  low- 
est extremity  traced,  from  whence  a  cylindrical  rootlet,  about 
an  inch  in  diameter,  having  a  thick  coaly  envelope,  and  send- 
ing out  side  shoots  took  its  rise,  an  appendage  not  observed 
on  any  other  of  the  five  roots,  which  were  followed  about  four 
feet,  when  they  entered  masses  of  ironstone,  which  prevented 
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the  successful  use  of  the  pickaxe,  so  that  none  of  them  were 
traced  to  their  termination. 

All  the  roots  were  surrounded  throughout  their  whole  length 
with  a  coaly  barkj  but  like  that  which  covered  the  stem,  it  ad- 
hered so  firmly  to  the  matrix,  that  in  general,  when  the  roots 
were  laid  bare,  they  presented  a  decorticated  appearance. 
The  upper  surface  of  the  decorticated  roots  was  marked  with 
irregular  and  interrupted  ribs  and  furrows,  which  diverged  on 
each  side  of  lines  parallel  to  the  longitudinal  axis  of  the  root, 
as  observed  in  the  fossil  trees  of  Dixon  Fold.  Several  slight 
depressions  traversed  the  upper  sides  of  the  roots  in  a  diagonal 
direction  to  the  ribs  and  furrows,  these  resembled  impressions 
produced  by  long  grass-like  fibres  having  laid  upon  the  roots; 
circular  impressions  occurred  similar  to  those  seen  on  the 
large  stems  of  Stigmaria.  From  each  of  these  impressions 
issued  the  long  fibrous  appendages  which  have  been  termed 
leaves.  These  fibrils  were  met  with  in  the  matrix  all  round 
the  roots,  but  they  occurred  much  more  abundantly  on  the 
under  than  on  the  upper  sides,  and  were  in  general  less  fre- 
quent on  the  higher  parts.  These  appendages  were  cylindri- 
cal, and  when  not  compressed,  about  a  quarter  of  an  inch  in 
diameter;  their  length  must  have  been  very  great,  for  at  the 
distance  of  three  or  four  feet  from  the  root,  they  were  not  found 
to  decrease  in  thickness :  they  occur  abundantly  throughout 
the  whole  depth  of  the  warren,  which  is  seventeen  yards  in 
thickness,  so  that  it  is  not  improbable  that  these  appendages 
may  be  at  least  equal  in  length  to  those  described  by  Mr. 
Steinhauer.  These  appendages  were  covered  by  a  carbona- 
ceous envelope,  and  some  of  them  appeared  to  afford  traces  of 
a  small  internal  cylinder. 

The  deposit  all  around  the  tree  abounded  in  various  coal 
plants ;  these,  for  the  most  part,  consisted  of  leaves  of  the  Pe- 
copteris  nervosay  sometimes  adhering  to  their  rachis,  Calamites, 
Asteropliyllites,  Lepidostrobus,  Lepidodendron,  species  of 
Neuropteris  and  Cyciopteris.  The  Calamites  appeared  in  great 
abundance,  and  in  several  instances  specimens  were  obtained 
which  appeared  to  have  their  bases  in  contact  with  the  main 
roots,  before  they  assume  the  Stigmaria  character,  in  such  a 
manner  as  almost  to  induce  the  observers  to  believe  that  they 
had  some  intimate  connection  with  the  tree. 

In  removing  the  encasing  matter  from  the  eastern  side  of 
the  large  tree,  another  was  discovered  about  five  feet  distant, 
and  due  east  from  the  large  tree;  occurring  further  on  the  dip 
than  the  other,  it  appeared  rather  lower  in  position,  but  in 
reality  iti  base  was  about  one  foot  six  inches  higher  l)efore 
th«  strata  were  inclined.  Of  thin  tree  only  one  foot  seven  inches 
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of  the  stem  remained,  which  at  its  base  measured  four  feet 
seven  inches  in  circumference.  As  in  the  large  tree,  the  whole 
of  the  bark  was  converted  into  coal,  about  one-third  of  an  inch 
thick,  which  fortunately  adhered  to  the  stem  instead  of  the 
matrix  much  better  than  in  any  of  the  other  trees,  and  there- 
fore showed  the  ribs  and  furrows  of  Sigillaria  in  a  much  more 
perfect  and  distinct  manner  than  the  other  individuals/  This 
tree,  which  was  cylindrical  in  shape,  was  of  a  softer  nature 
than  the  others,  being  composed  of  the  indurated  gray  silty 
clay  which  constituted  the  matrix.  Its  base  was  a  little  con- 
cave, and  from  it  sprung  four  slightly  compressed  roots,  mea- 
suring one  foot  six  inches  across  at  their  origin.  On  the 
under  side  of  each  root  in  the  middle,  appeared  a  singular  su- 
ture which  ran  under  the  base  of  the  tree,  and  there  uniting 
formed  a  regular  cross.  The  roots  struck  downwards  almost 
perpendicularly  into  the  strata,  and  the  whole  tree  bore  great 
resemblance  to  the  molar  teeth  of  a  human  being.  The  ex- 
ternal surface  of  the  roots  was  covered  with  a  coaly  envelope 
much  thinner  than  that  which  occurred  upon  the  stem,  and 
was  marked  in  a  similar  manner  to  the  surfaces  of  the  roots 
of  the  large  plant,  except  that  it  showed  the  raised  circular 
markings  of  Stigmaria  and  the  diagonal  depressions  previously 
alluded  to  running  across  their  upper  surfaces  in  a  more  pro- 
minent degree.  The  roots  all  proceeded  downwards  to  the 
depth  of  about  one  foot  six  inches,  tapering  in  thickness  until 
they  came  nearly  to  a  point;  afterwards  they  took  a  horizontal 
direction,  and  could  be  traced  as  thin  black  flattened  carbo- 
naceous matter,  sending  forth  radicles  like  those  described  pre- 
viously in  all  directions,  being  in  fact  Stigmaria.  In  all  re- 
spects this  stem  and  root  and  the  stem  and  root  of  the  large 
individual  already  described  resemble  each  other,  except  in 
the  number  of  the  roots,  appearing  to  be  individuals  of  the 
same  species,  differing  only  in  age  (see  Plate  V.  fig.  2). 

No  person,  even  on  a  casual  view,  could  fail  to  be  struck 
with  the.  great  regularity  and  uniformity  of  the  roots  of  the 
larger  tree  when  taken  collectively.  This  great  regularity  re- 
sulted from  the  spaces  which  intervened  between  each  oi  the 
roots,  and  which  were  of  so  uniform  a  nature  that  they  could 
scarce  have  been  produced  by  accident.  Of  these  spaces  which 
ran  up  to  the  base  of  the  stem,  there  were  four  principal  ones, 
each  resembling  the  other  in  size  and  form,  and  separated 
from  each  other  by  the  main  roots,  which  were  more  than 
three  feet  across.  The  boundaries  of  these  intervals,  which 
were  the  sides  of  the  main  roots,  gave  them  a  rounded  form 
at  their  upper  extremity,  beneath  which,  at  the  distance  of 
about  nine  inches,  they  measured  nearly  a  foot  across.     As 
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the  roots  proceeded  downwards,  they  increased  in  width,  and 
the  spaces  became  narrower  in  consequence,  until  the  roots 
again  rapidly  narrowed  and  finally  terminated.  The  secon- 
dary roots  also  gave  rise  to  secondary  spaces;  these  com- 
menced about  one  foot  three  inches  below  the  upper  part  of 
the  principal  spaces;  they  were  likewise  rounded  at  tlieir 
upper  extremities,  but  continued  to  increase  in  width  as  they 
descended.  These  spaces  were  separated  from  each  other  by 
the  thickness  of  the  secondary  roots,  which  measured  two  feet 
four  inches.  At  the  distance  of  about  seven  inches  below  the 
higher  extremities  of  these  secondary  spaces,  originated  the 
spaces  caused  by  the  bifurcation  of  the  tertiary  roots;  these 
were  separated  from  each  other  at  their  origin  by  one  foot  four 
inches,  the  breadth  of  the  tertiary  roots.  In  form  these  spaces 
resembled  those  produced  by  the  secondary  roots,  except  in- 
creasing more  rapidly  in  width  as  they  descended.  This  uni- 
formity and  regularity  in  the  roots  of  this  plant  will  be  more 
manifest  by  referring  to  Plate  VI.,  which  would  represent  the 
roots  if  compressed ;  where  A  shows  the  main  roots.  A'  the 
principal  areas,  B  the  secondary  roots,  and  B'  the  secondary 
areas,  C  the  tertiary  roots,  and  C'  the  tertiary  areas.  This  pe- 
culiar regular  mode  of  rooting  is  most  probably  characteristic 
of  this  genus  of  plants,  and  the  various  degrees  of  dichotomi- 
zation  appear  to  result  from  a  difference  of  age  in  the  different 
individuals.  Thus,  in  the  small  specimen  found  about  five 
feet  east  of  the  large  one,  there  is  seen  only  the  four  main 
roots,  which  had  not  commenced  bifurcating  at  their  base. 

In  the  trees  found  at  Dixon  Fold,  the  same  regular  appear- 
ances are  presented  as  in  the  large  individual;  and  a  Stigma- 
ria  in  the  museum  of  the  Leeds  JPhilosophical  Society  affords 
evidence  of  a  similar  regularity. 

Such  is  the  description  of  a  tree  having  for  its  base  and 
roots  a  fossil  the  most  common  in  the  coal  formation,  and 
concerning  which  various  incorrect  opinions  have  been  pro- 
pagated, resulting  in  part  from  an  examination  of  imperfect 
specimens,  and  also  from  authors  refusing  to  receive  correct 
descriptions,  which  did  not  altogether  coincide  with  their  pre- 
conceived ideas  of  the  natural  affinities  of  this  fossil.  Stig- 
maria  has,  since  tiie  commencement  of  geology  as  a  science, 
never  ceased  to  exercise  the  ingenuity  of  fossil  botanists;  but 
of  all  the  accounts  we  possess  concerning  this  fossil,  the  one 
published  in  the  year  1818  in  the  Transactions  of  the  Ame- 
rican Philosophical  Society  stands  pre-eminent,  both  for  its 
fullness  and  its  remarkable  accuracy ;  and  although  some  of 
the  deductions  are  incorrect,  si  ill  the  great  care  and  correct- 
iiess  of  Mr.  Steinhauer,  as  tnauifettt  in  this  account,  cannot  be 
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too  highly  eulogized,  since  every  discovery  connected  with  this 
fossil  renders  the  value  of  the  description  more  appreciable. 

The  authors  of  the  Fossil  Flora  have  represented,  in  the 
31st  plate  of  their  valuable  work,  what  they  term  a  "nearly 
perfect  specimen  "  of  Stigmaria.  This  specimen,  which  was 
obtained  from  the  roof  oi  one  of  the  Newcastle  coal  seams, 
shows  only  the  under  side;  the  central  part,  like  the  large  tree 
already  described,  was  concave,  "  the  whole  surface  being  co- 
vered with  wrinkles,  which,  when  attentively  examined,  were 
seen  to  be  caused  by  depressed  semicircular  spots,  compactly 
arranged  in  a  spiral  manner,  in  the  centre  of  which  is  a  round- 
ish scar,  to  which  a  little  fine  coaly  matter  adheres."  From 
this  centre  the  arms  radiate,  bifurcating  as  they  increase  in 
length,  and  becoming  covered  with  the  characteristic  tuber- 
cles of  Stigmaria,  having  fibrils  attached  as  they  receded  from 
the  centre.  Two  other  individuals  occurred  in  the  same  roof, 
but  the  authors  state  "  that  the  upper  part  of  the  centre  itself 
was  too  much  damaged  to  have  its  structure  made  out."  From 
an  examination  of  these  specimens  they  were  induced  to  con- 
clude "  that  Stigmaria  was  a  prostrate  land-plant,  the  branches 
of  which  radiated  regularly  from  a  common  centre,  and  finally 
became  forked."  What  the  nature  of  this  centre  was,  the 
authors  declare  to  be  difficult  to  conjecture,  but  they  conceive 
it  to  have  been  dome-shaped,  a  form  which  probably  resulted 
from  the  plant  growing  upon  a  hillock.  The  succulent  nature 
of  Stigmaria  they  infer  from  its  commonly  occurring  in  a  com- 
pressed state,  and  also  from  the  eccentricity  of  its  woody  axis, 
when  this  is  traceable,  which  also  shows  it  to  have  been  of  a 
dicotyledonous  nature. 

From  the  great  regularity  of  the  tubercles  which  cover  the 
radiating  portions  of  the  plant,  the  authors  are  led  to  suppose 
that  they  were  the  base  to  which  leaves  were  attached,  and 
hence  they  reject  the  conclusion  of  Steinhauer,  that  they  were 
the  parts  from  whence  the  roots  emanated.  The  same  cir- 
cumstance which  led  them  to  infer  the  succulency  of  the  ra- 
diating parts,  viz.  their  compressed  state,  also  induced  them 
to  suppose  that  what  they  termed  leaves  were  of  a  similar  cha- 
racter. From  their  examination  of  the  whole  characters,  the 
authors  came  to  the  conclusion  that  the  Stigmariae  were  allied 
to  the  Euphorbiaceae  or  Cacti. 

The  reliance  on  the  part  of  these  authors  on  the  perfection 
of  their  specimen,  which  appears  to  have  been  sufficiently  im- 
perfect entirely  to  mislead  them,  has  been  the  cause  of  many 
errors  having  been  propagated  respecting  Stigmaria.  In  the 
first  place,  there  appears  to  have  been  no  evidence  upon  which 
they  were  able  to  form  any  opinion  as  to  the  nature  of  the 
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roots  of  their  creeping  plant,  but  on  the  contrary,  the  concave 
base  from  whence  the  roots  ought  to  have  issued  possessed  si- 
milar characters  with  the  radiating  stems ;  and  with  regard  to 
the  leaves,  these  appear  to  have  radiated  from  the  so-called 
stems,  not  only  striking  upwards  and  sideways,  but  also  doxvn- 
"joards, — rather  an  extraordinary  direction  for  the  leaves  of  a 
creeping  plant  to  take.  Then  as  regards  the  supposed  dome- 
shaped  summit,  which  they  state  to  be  much  damaged,  they 
do  not  appear  to  have  looked  after  any  portion  of  it  in  the 
roof  from  whence  the  plant  fell.  Altogether  these  plants  ap- 
pear to  have  borne  great  resemblance  to  the  base  and  roots  of 
the  large  tree  at  St.  Helen's,  which  would  most  probably  have 
presented  a  perfect  similarity,  had  the  circumstances  under 
which  it  was  first  discovered  been  the  same,  viz.  by  excava- 
ting under  its  base,  when  the  lower  portion  would  most  pro- 
bably have  separated  from  the  matrix,  by  one  of  the  joints 
which  run  through  the  plant  from  the  strata,  and  have  fallen 
on  the  floor  a  perfect  duplicate  of  the  Jarrow  fossil. 

Dr.  Buckland,  in  his  Bridgewater  Treatise,  takes  for  granted 
the  dome-shaped  summit,  which  was  merely  conjectured  by 
the  authors  of  the  P'ossil  Flora;  but  the  absence  of  large  roots 
appears  to  have  been  a  difficulty,  and  he  is  led  to  trail  in 
swamps  or  float  in  shallow  lakes  his  Stigmaria,  "  like  the  mo- 
dern Stratiotes  and  Isoetes."  Indeed,  when  we  consider  that 
fossil  botany  has  been  termed  the  romance  of  natural  history, 
we  need  not  express  any  surprise  at  the  numerous  and  vague 
opinions  which  have  floated  along  with  this  plant. 

Such  are  the  two  opinions  which  have  been  most  currently 
adopted,  and  which  are  still  most  generally  entertained  con- 
cerning the  nature  of  Stigmaria,  which  our  description  has 
shown  to  be  merely  the  root  of  Sigillaria.  Perhaps  it  may  be 
urged  that  tiiere  is  scarcely  sufiicient  proof  to  show  that  the 
larger  tree  was  a  Sigillaria,  for  although  possessed  of  ribs  and 
furrows,  it  wanted  the  characteristic  scars  of  this  genus.  These 
scars  are  however  in  general  obliterated  near  the  base  of  all 
large  specimens,  an  eiiect  the  result  of  age,  which  also  causes 
several  of  the  ribs,  each  of  which  is  covered  with  a  series  of 
scars,  to  ut)itc  and  form  themselves  into  one  broad  rib.  These 
scars  also  undergo  considerable  change  in  form  as  the  plant 
increases  in  age,  first  narrowing  and  lengthening  considerably, 
with  only  a  small  circular  space  in  their  centre  covered  with  a 
coaly  envelope:  this  circular  space  gradually  disappears  as 
the  tree  increases  in  size,  and  the  elongated  lines  become  less 
distinct,  and  ultimately  in  old  specimens  all  traces  of  it  are 
lost;  the  large  ribs  themselves  at  the  base  becoming  imperfect, 
M  SMii  in  tlie  large  individual. 
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The  interior  of  the  large  specimen  did  not  afford  any  traces 
of  the  small  internal  cylinder  eccentrically  situated,  so  common 
to  uncompressed  Sigillaria;  nor  by  fracture  did  it  show  any- 
thing which  would  lead  to  a  knowledge  of  its  internal  struc- 
ture. Fortunately  for  fossil  botany,  a  specimen  of  Sigillaria 
elegans  from  Autun,  with  internal  structure,  fell  into  the  hands 
of  the  illustrious  French  botanist,  Adolphe  Brongniart.  From 
an  examination  of  this  individual,  he  was  induced  to  refer  Si- 
gillaria to  the  Cycadeous  gymnosperms,  and  the  internal  cy- 
linder which  had  hitherto  been  considered  as  pith,  he  found  to 
consist  of  both  pith  and  woody  fibre,  separated  from  each  other 
by  reticulated  vascular  tissue.  Between  this  cylinder  and  the 
cuticle  there  was  an  immense  development  of  cellular  tissue, 
through  which  the  bundles  of  vessels  ran  which  communicated 
with  the  scars  on  the  exterior  of  the  plant.  In  his  observa- 
tions on  the  internal  structure  of  this  fossil,  this  botanist  enters 
into  an  examination  of  the  characters  of  Stigmaria,  and  sug- 
gests, that  in  all  probability  it  is  merely  the  root  of  Sigillaria, 
and  that  in  its  internal  arrangement  it  bears  great  resemblance 
to  the  roots  of  the  Zamia  pungens.     With  regard  to  the  re- 

fular  order  of  the  areolae,  which  induced  the  authors  of  the 
ossil  Flora  to  suppose  that  Stigmaria  could  not  have  been 
roots,  Brongniart  states  that  a  similar  arrangement  is  met  with 
in  the  roots  of  some  aquatic  plants. 

In  the  year  1839,  Mr.  Binney,  in  company  with  several  gen- 
tlemen, found  some  upright  specimens  of  Sigillaria  retiijbrmis 
resting  upon  a  small  seam  of  coal  exposed  in  cutting  the  tun- 
nel at  Clay  Cross,  on  the  North  Midland  Railway  near  Ches- 
terfield. These  were  followed  downwards  until  they  became 
Stigmaria,  but  there  was  some  difficulty  of  proving  the  abso- 
lute insertion  of  one  plant  into  the  other,  so  that  in  this  case 
some  doubt  existed. 

From  the  present  time,  by  the  discovery  of  the  fossil  tree  at 
St.  Helen's,  the  question  as  to  the  relation  which  existed  be- 
tween Sigillaria  and  Stigmaria  must  be  considered  as  settled  in 
favour  of  the  opinion  of  the  one  being  the  stem  and  the  other 
the  root  of  the  same  plant,  justifying  the  conclusion  formed  by 
one  of  the  authors  of  this  account  in  1839,  and  the  inferences 
afterwards  drawn  from  an  examination  of  their  internal  struc- 
ture by  Brongniart. 

What  may  have  been  the  foliage  of  Sigillaria,  the  authors, 
from  actual  observation,  are  not  prepared  to  say;  but  they 
consider  it  not  improbable  that  Pecopteris  nervosa,  from  its 
great  abundance  and  its  peculiar  character,  may  have  been  in- 
timately connected  with  this  plant.  This  peculiar  character 
consists  in  the  absence  of  any  midrib  in  the  leaflets,  and  in 
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having  several  veins  originating  from  the  rachis,  circumstances 
very  different  from  those  which  prevail  in  true  ferns,  more 
particularly  in  the  Pecopteris,  and  which  appear  to  connect  it 
with  Odontopteris,  a  form  very  nearly  allied  to  Olopteris,  a 
fossil  of  decided  cycadeous  type,  occurring  along  with  other 
cycadeous  forms  in  the  Yorkshire  oolite*. 

The  roots  of  Sigillaria  are  more  abundant  than  any  other 
remains  which  occur  in  the  coal  formation,  and  the  smaller 
fibrils  abound  to  such  a  degree  in  coal  floors,  that  it  is  scarcely 
possible  to  obtain  a  hand  specimen  of  one  of  them  without 
meeting  with  some  trace  of  the  rootlets  of  Stigmaria;  and  in 
most  of  the  floors  these  roots  are  met  with  unassociated  with 
any  other  description  of  plant. 

This  great  abundance  of  the  roots  in  floors,  and  the  very 
frequent  occurrence  of  stems  of  Sigillaria  in  various  states  in 
the  coal  deposits,  would  almost  justify  the  supposition  that  this 
plant  had,  by  its  destruction,  formed  the  chief  portion  of  our 
coal  seams,  an  opinion  which  is  further  confirmed  when  we 
remember  that  such  portions  of  coal  as  show  traces  of  internal 
organization  have  decidedly  a  gymnospermous  character. 

The  upright  position  of  many  of  these  stems  also  seems  to 
lead  to  the  conclusion,  that  these  trees  have  not  been  trans- 
ported by  the  agency  of  water,  but  rather  that  they  have  pe- 
rished on  the  spot  where  they  originally  grew,  most  probably 
by  some  such  cause  as  a  subsidence  of  the  locality,  to  which 
circumstance  it  is  probable  that  we  owe  the  formation  of  all 
our  coal  deposits  with  floors  containing  Stigmaria. 

The  external  character,  the  internal  structure,  and  all  the 
circumstances  under  which  Sigillaria  occur,  render  the  sup- 
position that  this  plant  was  of  a  partially  aquatic  nature,  and 
required  a  watery  habitat,  exceedingly  probable.  Its  roots 
most  commonly  occur  in  a  deposit  wliich  was  originally  soft 
mud,  through  which  the  rootlets  struck  for  a  considerable  di- 
stance in  all  directions :  the  quincunx  order  of  the  arrange- 
ment of  the  scars  which  cover  the  main  roots  also  justifies  the 
conclusion  as  to  the  nature  of  the  habitat  in  which  it  grew  and 
flourished  during  the  epoch  when  plants  were  gradually  puri- 
fying the  atmosphere  and  rendering  it  fit  for  the  respiration 
of  vcrtubratcd  animals. 

*  The  authors  arc  unable  to  conceive  on  what  grounds  Lindlcy  and 
Hutton  have  referred  this  Hticciinen  to  rccoptcris,  having  only  tlic  adlic- 
rcnce  of  its  banc  to  the  racnis  to  identify  it  with  this  genus,  and  wanting 
entirely  the  distinct  midrib  from  whence  tiie  veins  originate. 
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XXXVI.  On  the  Constitution  of  Bebeerine,  By  Douglas 
Maclagan,  M.D.,  F.R.S.E.,  and  Thomas  G.  Tilley, 
Esq.,  Professor  of  Chemistry  in  the  Queeii!s  College,  Bir- 
mingham^. 

"DEBEERINE  is  the  name  given  by  Dr.  Rodie  of  Deme- 
'-^  rara  to  an  organic  base,  of  which  he  pointed  out  the 
existence,  in  the  bark  of  a  tree  of  that  colony  known  by  the 
names  of  Beheeru  or  Green  heart.  This  tree  has  recently  been 
examined  botanically  by  Sir  Robert  Schombiirgk,  and  found 
to  be  a  species  of  Nectandra,  which  in  compliment  to  Dr.  Rodie 
he  has  named  N.Rodiei  (Hooker's  London  Journal  of  Botany, 
December  1844'). 

The  general  properties  of  the  alkali,  and  the  preparation  of 
its  sulphate  for  medicinal  use,  were  further  described  by  one 
of  us  in  a  paper  read  before  the  Royal  Society  of  Edinburgh 
in  April  IS^S  (Transactions,  vol.  xv.  part  iii.).  In  this  me- 
moir an  account  was  given  of  the  preparation  of  bebeerine,  in 
what  was  regarded  as  a  state  of  chemical  purity,  and  of  its 
separation  by  means  of  aether  from  what  was  believed  to  be 
another  alkaline  matter,  sipeerine;  but  as  the  substance  is 
neither  crystallizable  nor  colourless,  it  could  not  decidedly  be 
affirmed  to  be  chemically  pure  until  its  constitution  had  been 
determined  by  ultimate  analysis.  This  desideratum  it  is  pro- 
posed to  supply  in  the  present  paper. 

The  chief  difficulty  in  preparing  the  pure  alkali  arose  from 
the  troublesome  process  required  to  free  it  from  adhering 
tannin,  considerable  loss  being  experienced  in  the  methods 
then  adopted.  This  has  subsequently  been  accomplished  with 
greater  facility  by  the  following  process,  which  may  be  appli- 
cable to  the  purification  of  other  organic  bases. 

The  sulphate  prepared  for  medicinal  use,  which  is  always 
more  or  less  impure,  is  precipitated  by  ammonia;  and  the  al- 
kaline matter  thus  separated,  is,  after  washing  with  water,  tri- 
turated with  about  an  equal  weight  of  freshly  precipitated  and 
moist  hydrated  oxide  of  lead.  The  magma  thus  formed  is 
then  dried  over  the  water-bath,  and  the  alkali  is  taken  up  by 
absolute  alcohol.  On  distilling  off  the  spirit,  the  organic  base 
is  left  in  the  form  of  a  transparent  orange-yellow  resinous 
mass,  as  described  in  the  paper  above  quoted.  This,  on  being 
dried,  pulverized,  and  treated  with  successive  portions  of  pure 
aether,  is  in  great  part  dissolved  in  this  fluid.  The  dissolved 
portion,  on  distilling  off  the  aether,  is  obtained  in  the  form  of 
a  translucent,  amorphous,  but  homogeneous  resinous-looking 
substance,  of  a  pale  yellow  colour,  and  possessed  of  all  the  pro- 

*  Communicated  by  the  Authors. 
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perties  of  an  organic  alkali.  This  is  pure  bebeerine,  as  de- 
scribed in  April  1843. 

Bebeerine  thus  obtained  does  not  crystallize.  It  is  very  so- 
luble in  alcohol,  less  so  in  aether,  and  very  sparingly  in  water. 
Heated,  it  fuses ;  and  the  heat  being  continued  it  swells  up, 
giving  off  vapours  of  a  strong  peculiar  odour,  and  burns  with- 
out residue.  Subjected  to  the  action  of  oxidizing  agents,  it 
gives  with  bichromate  of  potash  and  sulphuric  acid  a  black, 
and  with  nitric  acid  a  yellow  resin.  It  forms  with  acids  salts 
which  are  all  uncrystallizable ;  with  perchloride  of  gold,  mer- 
cury, copper,  iron  and  platinum,  it  gives  precipitates  which 
*  are  soluble  to  a  certain  extent  in  hot  water  and  alcohol,  but 
which  on  the  solution  cooling  are  not  deposited  from  it  in  a 
crystalline  form*. 

To  ascertain  the  composition  of  the  base,  two  portions  of 
it,  prepared  at  separate  times,  were  subjected  to  combustion. 

(1.)  0*300  grms.  substance  gave  0*179  water  and  0*788 
carbonic  acid. 

(2.)  0*3505  substance  gave  0*1965  water  and  0*922  car- 
bonic acid. 

(3.)  0*350  substance  gave  0*2095  water  and  0*914  carbonic 
acid. 

Nitrogen  was  estimated  by  Will  and  Varrentrapp's  method. 

(1.)  0*4'030  substance  gave  0'34'90  ammonio-chloride  of 
platinum. 

(2.)  0*417  substance  gave  0*1175  platinum. 

These  numbers  lead  to  the  following  per-centage  propor- 
tions, the  atomic  weight  of  carbon  being  taken  at  75*85. 


I. 

II. 

in. 

Mean. 

Carbon 

.     72*22 

71*75 

71-80 

71*92 

Hydrogen 

.       6*62 

6*22 

6*64 

6*49 

Nitrogen   . 

5*49 

4*02 

4*75 

Oxygen     . 

.     15*67 

18-01 

16*84 

100*00 

100*00 

lodoo 

The  combination  with  chloride  of  platinum  was  made  use 
of  to  determine  the  atomic  weight  of  the  buse. 

(1.)  0*6380  salt  gave  0*1215  platinum  =  19*04  per  cent. 

•  When  precipitated  by  umnionia  from  its  soliitoin  in  ncitis,  it  is  ob- 
tained in  the  form  of  a  very  pale  yellow  powder.  This  was  examined  with 
•  TJew  to  determine  whether  or  not  it  wait  u  hydrate  of  the  alkali.  It  w.n9 
WMbcd,  dried  in  vacuo  over  Hulphuric  acid,  and  heated  in  an  oiUbath.  At 
BOH°  Kahr.  it  began  to  Hofien,  and  at  '>i7^°  it  fii»e(l  into  a  transparent  brown 
rc»inoiM  ma»«.  It  did  not  sensibly  loscwei{;ht  duriiij,'  the  process,  and  had 
undergone  no  chalice  In  properties  from  expoKiiro  to  this  temperature,  us 
It  reUunrd  itii  perfect  iiolubility  in  ncids,  and  formed  with  them  the  usual 
bright  yellow  solution. 
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(2.)  0-6250  salt  gave  0-1200  platinum  =  19-28  per  cent. 

(3.)  0-5335  gave  O'lOSO  platinum  =  20*20  per  cent. 

The  platinum  salt  was  burned  with  chromate  of  lead. 

0*4005  salt  gave  0-152  water  and  0-6232  carbonic  acid. 

For  nitrogen. — 0-430  salt  gave  0*177  ammonio-chloride  of 
platinum. 

Chlorine  was  estimated  by  heating  with  lime,  dissolving  in 
nitric  acid,  and  precipitating  by  nitrate  of  silver. 

0-420  salt  gave  0-3730  chloride  of  silver. 

These  numbers  lead  to  the  following  formulae: — 


I. 

II. 

III 

Carbon    .     . 

42-69 

Hydrogen    . 

4-21 

Nitrogen .     . 

.       2-61 

Oxygen    .     . 

.     10-36 

Platinum      .     . 

19-04 

19-24 

20-24 

Chlorine .     . 

.     21-09 
100-00 

Calculated 

I. 

II.           III. 

Atoms, 

per  cent. 

Carbon    .     42-69 

35  = 

2654-76 

42-43 

Hydrogen      4-21 

42 

262*07 

4-18 

Nitrogen   .     2-61 

2 

177-04 

2-83 

Oxygen     .   10-36 

6 

600-00 

9-59 

Platinum       19-04 

19-24     20-24 

1 

1233-30 

19-73 

Chlorine    .  21-09 

6 

1328-00 

21-23 

100*00 


6255-17 


99-99 


The  atomic  weight  calculated  from  the  quantity  of  platinum 
found,  is — 
I.  6476'0 
II.  6423-4 

III.   6092-2  f.  r       ^     .      -         -  u*    r    i 

18991  6- 6330  2<      tinum  salt. 
3 
Referring  to  our  previous  numbers,  we  find — 


Atom?. 

Calculated  per  cent. 

Mean  found 

Carbon 

35  = 

2654-75 

72-11 

71-92 

Hydrogen 

40 

249*59 

6-77 

6-49 

Nitrogen   . 

2 

177-04 

4-82 

4-75 

Oxygen     . 

6 

600*00 

16-30 

16-84 

3681-38  100-00  100-00 

On  comparing  these  calculated  and  found  numbers,  they 
will  be  seen  to  agree,  and  on  subtracting  the  weight  of  one 
atom  of  chloride  of  platinum  and  hydrochloric  acid  from  the 
atomic  weight  of  the  platinum  salt  of  bebeerine,  we  find 
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PtCl4  2118-30         6330-20  1  atom  platinum  salt 
H  Ci      4.55-1 3         2573-43  1  atom  Pt  CI4+  HCI 


2573'4!3         3756-77  atomic  weight  of  bebeerine 

which  is  a  close  approximation  to  the  found  numbers.     The 
rational  formula  for  bebeerine  then  is 

It  appears  to  have  been  sufficiently  established  by  the  ex- 
perience of  medical  practitioners,  that  bebeerine  possesses 
marked  properties  as  a  remedy  for  periodic  diseases  (Mac- 
lagan,  Edinburgh  Medical  and  Surgical  Journal,  April  1845). 

On  comparing  its  composition  with  that  of  other  vegetable 
alkalies  possessed  of  similar  remedial  powers,  such  as  quinine 
and  cinchonine,  it  is  not  a  little  remarkable  that  it  differs 
from  them  in  atomic  constitution,  and  that  it  is  isomeric  with 
morphia  which  acts  as  a  pure  narcotic.  The  atomic  consti- 
tution of  morphia,  calculated  from  the  formulae  deduced  by 
Liebig  and  Regnault  from  their  analyses,  agrees  perfectly  with 
that  given  above  for  bebeerine.  The  composition  of  the  two 
bases  is,  in  fact,  identical. 

This  is  the  first  instance  of  isomerism  occurring  in  sub- 
stances belonging  to  the  class  of  organic  bases. 

One  very  interesting  conclusion  regarding  the  action  of 
medicinal  substances  appears  to  be  deducible  from  these  re- 
sults, that  similarity  of  physiological  properties  does  not  de- 
pend upon  similarity  in  the  proportions  of  their  constituents. 
It  seems  probable  that  the  mode  in  which  their  atoms  are 
grouped  has  an  important  share  in  modifying  their  physiolo- 
gical actions;  for  in  the  present  instance  we  have  the  same 
number  of  atoms  both  in  morphia  and  bebeerine,  but  in  the 
one  producing  a  white  crystalline  body  of  narcotic  qualities, 
in  the  other  a  yellow  amorphous  resinous-looking  substance, 
acting  as  an  anti-periodic.  The  difference  in  their  physical 
properties  in  fact  proves  that  their  elements  are  diflerenlly  ar- 
ranged. 

We  have  not  been  enabled  to  examine  sipeerine,  the  sub- 
stunce  left  behind  when  pure  bebeerine  is  dissolved  out  by 
means  of  oither.  It  occurs  in  very  minute  (juantity,  and  re- 
quires a  very  tedious  repetition  of  the  treatment  with  luthcr 
to  free  it  from  the  last  traces  of  bebeerine.  There  seems, 
from  some  trials  which  we  have  made,  good  ground  for  be- 
lieving that  it  is  a  distinct  alkali,  but  it  has  not  been  obtained 
in  sufficient  quantity  to  enable  it  to  be  subjected  to  ultinuUe 
analyfis. 
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XXXVII.  On  the  Spheroidal  Condition  of  Liquids, 
By  W.  .G.  Armstrong,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 
A  T  the  recent  meeting  of  the  British  Association  at  Cam- 
■^  bridge,  I  had  the  pleasure  of  witnessing  M.  Boutigny's 
pleasing  experiments  on  the  spheroidal  condition  of  liquids; 
and  since  my  return  to  Newcastle  I  have  exhibited  the  same 
experiments  to  the  Philosophical  Society  of  this  town,  accom- 
panied by  explanatory  observations,  the  substance  of  which  I 
take  the  liberty  of  communicating  to  you  for  insertion  in  the 
Philosophical  Magazine.  This  I  am  induced  to  do,  not  only 
because  I  conceive  that  observations  upon  a  subject  so  much 
before  the  public  as  this  is  at  present,  are  likely  to  be  interest- 
ing to  a  considerable  portion  of  your  readers,  but  also  because 
the  explanation  of  the  pheenomena  is  still  in  some  measure  a 
matter  of  controversy. 

Although  M.  Boutigny's  experiments  embody  no  new  dis- 
covery, yet  they  have  the  no  small  merit  of  showing  in  a  stri- 
king and  prominent  manner,  effects  with  which  most  persons 
are  in  some  degree  acquainted,  but  which  fail  to  excite  atten- 
tion in  consequence  of  the  unattractive  form  in  which  they  are 
commonly  observed. 

The  fundamental  experiment  of  the  series  consists  in  drop- 
ping water  upon  a  metallic  plate  or  dish  to  which  heat  is  ap- 
plied. If  the  dish  be  heated  to  212°  or  upwards,  the  water 
immediately  boils  and  is  dissipated  in  vapour,  provided  the 
temperature  of  the  dish  do  not  exceed  a  certain  limit;  but  if  it 
do  exceed  that  limit,  then  the  condition  of  the  liquid  is  en- 
tirely changed  and  the  following  effects  may  be  observed : — 

1st.  The  ebullition  of  the  water,  instead  of  being  accele- 
rated, is  altogether  prevented,  and  the  evaporation  is  greatly 
retarded. 

2nd.  The  water  assumes  a  rounded  or  "  spheroidal "  form, 
like  a  globule  of  mercury. 

3rd.  The  water  does  not  touch  the  dish,  being  separated 
from  it  by  a  thin  interposing  stratum  of  vapour. 

4th.  The  temperature  of  the  water  never  rises  above  205° 
(96  centigrade),  being  7°  below  the  boiling-point. 

A  tolerably  correct  idea  may  be  formed  of  the  spheroidal 
condition  of  water  by  reference  to  the  annexed  diagrams. 
Fig.  1  represents  a  dish  containing  water  in  the  spheroidal 
form,  and,  by  way  of  contrast,  the  diagram  fig.  2  represents  a 
similar  dish  containing  water  which  is  not  in  the  spheroidal 
form. 

Phil,  Mag.  S.  3.  Vol.  27.  No.  180.  October  184<5.         S 


258  Mr.  W.  G.  Armstrong  on  the 

If  instead  of  water  we  use  a  liquid  that  boils  at  a  lower  tem- 
perature than  water,  then  similar  effects  are  obtained  at  a  re- 
duced temperature  of  the  dish.     Thus  if  the  dish  be  not  suf- 

Fig.  1.  Fig.  2. 


ficiently  hot  to  sustain  water  in  the  spheroidal  state,  it  will  still 
be  sufficiently  hot  to  sustain  spirit  of  wine  in  that  state ;  and 
again,  when  it  is  too  cool  for  spirit  of  wine,  it  may  still  have 
sufficient  heat  to  produce  the  effect  with  aether.  On  the  other 
hand,  if  the  boiling-point  of  the  liquid  be  higher  than  that  of 
water,  then  it  is  necessary  to  increase  the  temperature  of  the 
dish,  in  order  to  produce  the  spheroidal  state.  But  whatever 
the  boiling-point  of  the  liquid  may  be,  the  maximum  tempe- 
rature it  attains  in  the  spheroidal  form  is  always  several  de- 
grees below  the  temperature  at  which  ebullition  takes  place. 

It  is  obvious,  therefore,  that  the  cause  which  limits  the 
temperature  of  the  liquid  spheroid,  as  well  as  that  which  oc- 
casions its  separation  from  the  heating  surface,  has  an  intimate 
connection  with  the  boiling-point  of  the  liquid.  This  circum- 
stance affords  a  strong  presumption  that  the  effects  are  in 
both  cases  in  some  way  or  other  attributable  to  evaporation ; 
and  I  shall  now  endeavour  to  explain  the  phaenomena  in  con- 
formity with  this  view  of  the  subject. 

It  is  easy  to  conceive  that  the  radiant  heat  of  a  red-hot  dish, 
into  which  water  is  poured,  will  be  sufficiently  powerful  to 
vaporize  the  inferior  surface  of  the  water  before  it  comes  into 
actual  contact  with  the  dish ;  and  it  is  obvious  that  the  vapour, 
resulting  from  such  an  action  of  the  heat,  must  necessarily 
find  a  place  between  the  water  and  the  dish,  so  as  to  prevent 
their  nearer  approximation.  The  weight  of  the  liquid  will 
tend  to  displace  the  interposing  steam,  but  the  continued  eva- 
poration will  maintain  the  separating  stratum  so  long  as  the 
dish  remains  sufficiently  liot  to  vaporize  the  water  without 
actual  contact. 

The  absence  of  ebullition,  which  also  characterizes  the 
spheroidal  state  of  liquids,  is  plainly  attributable  to  the  steam 
being  enabled  to  escape  from  beneath  the  fluid  without  rising 
upwards  through  the  mass;  and  the  rounded  form  which  the 
liquid  assumes  is  simply  owing  to  there  being  no  adhesion 
between  the  fluid  and  the  dish  to  prevent  the  particles  liom 
obeying  the  influence  of  their  mutual  attraction. 

regard  to  the  fact  that  liciuids  in  the  spheroidal  state 
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never  attain,  by  several  degrees,  the  temperature  at  which, 
under  ordinary  conditions,  they  would  boil,  the  reason  of  this 
appears  to  me  to  be  clearly  explainable  as  follows:  — 

Suppose  heat  to  be  applied  to  the  dish  represented  in 
fig.  2,  then  the  particles  constituting  the  inferior  surface 
of  the  liquid,  being  in  contact  with  the  dish,  would  abstract 
from  the  dish  the  heat  which  is  taken  up  in  the  process  of 
evaporation.  But  when  the  liquid  is  in  the  spheroidal  state, 
as  represented  in  fig.  1,  then  the  particles  constituting  the 
inferior  surface  of  the  fluid  being  separated  from  the  heated 
dish,  abstract  the  heat  required  to  convert  them  into  vapour, 
not  from  the  dish,  as  in  the  other  case,  hni  from  the  rest  of' 
the  liquid,  with  which  alone  they  are  in  contact.  In  other 
words,  the  cooling  influence  of  evaporation  is  in  the  one  case 
exercised  upon  the  dish,  and  in  the  other  case  upon  the  liquid. 
Hence,  therefore,  a  liquid  in  the  spheroidal  state  never  can 
attain  the  temperature  at  which  it  boils,  because  the  more  we 
increase  the  heating  action  of  the  dish,  the  more  we  also  in- 
crease the  cooling  action  of  evaporation. 

This  explanation  is  at  variance  with  that  propounded  by 
M.  Boutigny,  who  accounts  for  the  comparatively  low  tempe- 
rature of  the  liquid  spheroid,  by  ascribing  to  it  a  power  of  al- 
most entirely  reflecting  heat  from  its  inferior  surface ;  but  this 
hypothesis  affords  no  explanation  of  the  relationship  which 
unquestionably  exists  between  the  boiling-point  of  the  liquid 
and  its  maximum  temperature  in  tiie  spiieroidal  state.  Be- 
sides, if  reflexion  of  heat  prevented  increase  of  temperature, 
it  would  also  prevent  evaporation,  which  it  clearly  does  not; 
for,  when  the  dish  is  highly  heated,  the  water  evaporates  with 
considerable  rapidity,  although  its  sensible  heat  remains  con- 
stant at  7^  below  the  boiling-point. 

It  is  said,  and  I  have  no  doubt  of  the  fact,  that  when  a 
liquid  heated  to  the  boiling-point  is  poured  into  a  dish  suffi- 
ciently hot  to  produce  the  spheroidal  state,  the  temperature 
of  the  liquid  immediately  recedes  to  the  point  which  it  would 
have  attained  if  the  liquid  had  been  placed  in  the  dish  with- 
out being  previously  heated.  Now  this  effect  is  fully  accounted 
for  by  the  cooling  action  of  evaporation  operating  in  the  man- 
ner I  have  described,  but  it  is  perfectly  inexplicable  on  the 
hypothesis  of  reflexion  of  heat. 

I  repeated  M.  Boutigny's  beautiful  experiment  of  plunging 
a  mass  of  red-hot  platina  into  a  glass  of  cold  water,  in  which 
the  metal  remains  incandescent  for  several  seconds  after  the  im- 
mersion, and  is  seen  invested  with  an  atmosphere  of  steam. 
In  this  experiment  there  is  no  ebullition  of  the  water,  notwith- 
standing that  the  steam  has  no  outlet  such  as  it  has  when  the 
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liquid  is  in  the  ordinary  spheroidal  state.  The  reason  of  this 
I  rendered  apparent  by  first  heating  the  water  to  the  boiling- 
point,  and  then  immersing  the  red-hot  platina,  which  in  that 
case  produced  a  rapid  ebullition  during  the  time  that  the  metal 
remained  incandescent  and  separated  from  the  water  by  the 
usual  atmosphere  of  steam.  The  absence  of  ebullition  in  M. 
Boutigny's  experiment  is  obviously  therefore  simply  owing 
to  the  steam  being  condensed  by  the  coldness  of  the  water, 
as  soon  as  it  recedes  beyond  the  influence  of  the  heated 
platina. 

It  is  instructive  also  to  observe  the  different  effect  produced 
by  the  partial  and  the  total  immersion  of  the  red-hot  platina 
in  water  heated  to  205°,  which  it  will  be  recollected  is  the 
maximum  temperature  that  water  acquires  in  the  spheroidal 
state.  If  the  heated  metal  be  only  partially  immersed,  there 
is  no  ebullition,  and  the  temperature  of  the  liquid  remains 
stationary ;  but  if  the  platina  be  wholly  sunk  in  the  water,  then 
the  temperature  rises  and  ebullition  takes  place*  The  reason 
of  this  difference  is  very  evident :  when  the  platina  is  not  en- 
tirely covered  by  the  water,  the  steam  it  produces  has  an  out- 
let, and  the  conditions  resemble  those  of  water  in  the  sphe- 
roidal state ;  but  when  the  platina  is  submerged,  the  heated 
steam  is  compelled  to  bubble  up  through  the  water,  and 
thereby  not  only  produces  ebullition,  but  also  imparts  in  its 
passage  additional  heat  to  the  liquid. 

I  easily  succeeded  in  showing  M.  Boutigny's  remarkable 
experiment  of  freezing  water  in  a  red-hot  platina  capsule  by 
the  agency  of  sulphurous  acid,  which  boils  at  a  temperature  of 
18°  below  the  freezing-point  of  water.  This  singular  experi- 
ment is  entirely  dependent  upon  the  peculiar  mode  of  evapo- 
ration, which  is  incident  to  liquids  in  the  spheroidal  Ibrm. 
Wlien  the  acid  is  poured  into  the  red-hot  vessel,  its  inferior 
surface  is  instantly  vaporized,  and  the  resulting  stratum  of  in- 
terposing vapour  prevents  the  liquid  from  touching  the  metal, 
and  causes  it  to  pass  into  the  spheroidal  form.  In  this  condi- 
tion the  acid  consumes  by  evaporation  part  of  its  own  sensible 
heat,  and  its  temperature  in  consequence  suffers  a  further  de- 
pression of  about  !'}°,  The  acid  is  thus  maintained  at  an  ex- 
tremely low  temperature  in  the  healed  capsule,  so  that  when 
water  is  also  poured  into  the  red-hot  vessel,  it  is  innnediately 
congealed  by  the  intense  cold  of  the  contiguous  liquid. 

r^.  Douligny  attempts  to  account  tor  the  explosion  of  steam- 
boilers  by  reference  to  the  spheroidal  condition  of  water.  He 
iiupposcs  that  when  water  is  admitted  into  an  over-heated 
boiler,  it  assumes  the  spheroidal  state;  and  that  afterwards, 
on  the  partial  cooling  of  the  boiler)  it  is  brought  into  contact 
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with  the  heated  metal  and  causes  so  sudden  a  production  of 
steam  as  to  burst  the  boiler. 

I  feel,  however,  great  difficulty  in  conceiving  the  possibility 
of  water  within  a  steam-boiler  existing  in  the  spheroidal  con- 
dition. The  coarse  rough  surface  which  the  interior  of  the 
boiler  presents  to  the  water  is  extremely  unfavourable  to  the 
spheroidal  state;  and  there  is  every  reason  to  believe  that  the 
separation  could  not  exist  in  part  of  the  boiler  without  exist- 
ing throughout  the  whole.  But  be  this  as  it  may,  the  exces- 
sive heating  of  the  boiler  is  the  real  cause  of  the  mischief;  and 
unless  it  can  be  shown  that  the  spheroidal  state  of  the  water  is 
the  cause  and  not  the  effect  of  the  boiler  becoming  red-hot,  the 
explanation  appears  to  me  to  amount  to  nothing. 

M.  Boutigny,  with  more  reason  I  think,  also  conceives  that 
the  spheroidal  condition  of  water  has  an  important  bearing 
upon  the  art  of  tempering  steel.  Whatever  promotes  contact 
between  the  heated  steel  and  the  water  into  which  it  is  plunged, 
must  accelerate  the  cooling  and  increase  the  hardness  of  the 
steel.  Now  it  has  been  shown  that  the  higher  the  boiling- 
point  of  the  liquid,  the  higher  is  the  temperature  of  the  metal 
necessary  to  preserve  separation ;  and  hence  probably  the  rea- 
son why  artificers  can  harden  steel  more  effectively  in  salt  and 
water  than  in  water  alone,  because  the  addition  of  salt  raises 
the  boiling-point  of  the  water. 

The  remainder  of  M.  Boutigny's  experiments  do  not  involve 
any  other  principles  than  those  I  have  already  touched  upon, 
and  I  shall  not,  therefore,  trouble  your  readers  by  any  obser- 
vations upon  them. 
Newcastle-upon-Tyne,  W.  G.  ARMSTRONG. 

August  9,  1845. 

XXXVIII.  On  Currents  of  Electricity  produced  by  the  Vibra-- 
tion  of  Wires  and  Metallic  Rods.  By  William  Sullivan, 
Esq.^ 
IN  reading  over  a  paper  of  Seebeckf,  in  which  he  observed 
*  that  when  a  compound  bar  of  bismuth  and  antimony  was 
heated  at  the  junction  of  the  two  metals,  a  peculiar  sound  was 
heard  to  accompany  the  deflection  of  the  galvanometer-needle, 
I  thought  at  the  time  that  if  a  similar  sound  could  be  pro- 
duced by  vibration,  a  current  might  in  all  probability  be  de- 
veloped. Although  I  soon  found  that  the  sound  so  produced 
had  nothing  whatever  to  do  with  electricity,  I  did  not  give  up 
the  idea  that  electricity  was  more  intimately  connected  with 

*  Communicated  by  the  Author. 

t  Ueberdie  Magnetische  Polarisation  der  Metalle  und  Erze  durch  Tem 
peratur— Difllereuas  in  Poggeadgrff's  Annal.,  vol.  vi.  p.  269. 
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molecular  motion  than  was  generally  supposed.  In  order  to 
test  the  accuracy  of  my  views,  I  took  a  flat  piece  of  board 
about  two  feet  long  and  morticed  two  uprights,  each  three 
inches  high,  into  it  about  eighteen  inches  apart.  I  then  took 
a  piece  of  No.  15  brass  wire  and  soldered  it  to  a  similar  piece 
of  iron  wire,  and  stretched  it  tight  over  the  uprights  so  as  to 
produce,  when  set  in  vibration,  a  musical  note;  the  ends  of 
this  compound  wire  were  then  connected  with  an  exceedingly 
delicate  galvanometer,  similar  to  that  used  by  Melloni  in  his 
researches  on  radiant  heat;  when  this  was  set  in  rapid  vibra- 
tion, a  slight  deviation  of  the  needle  took  place,  the  direction 
of  the  curi'ent  being  from  the  iron  to  the  brass,  as  in  a  similar 
thermo-electric  circle ;  this  was  not,  however,  always  the  case, 
but  seemed  to  depend  upon  the  kind  of  vibration,  though  I 
could  not  discover  how.  That  this  effect  did  not  depend  on 
any  heat  produced  is  quite  certain,  as  the  current  ceased  the 
moment  the  vibration  ceased.  I  could  not  always  produce  a 
deviation,  and  very  often,  when  there  was  a  current  produced, 
it  was  scarcely  appreciable  until  I  increased  the  oscillation  of 
the  galvanometer-needle  by  frequently  breaking  contact.  On 
one  or  two  occasions  I  noticed  a  deviation  equal  to  that  pro- 
duced by  heating  the  junction  of  the  two  wires  to  dull  redness. 
From  some  of  my  experiments,  it  would  appear  that  when  the 
wire  vibrated  continuously  from  end  to  end,  the  greatest  effect 
was  obtained ;  but  when  from  some  cause  a  nodal  point  was 
produced  in  tl)e  centre  of  the  wire,  and  the  two  halves  of  the 
wire  vibrated  in  opposite  directions,  no  effect  was  produced. 
This  point  indeed  was  the  cause  of  all  my  difficulties,  as  I 
found  it  almost  impossible  to  detect  when  this  took  place.  As 
the  amount  of  electricity  developed  by  such  an  arrangement 
as  that  just  described  must  naturally  be  very  small,  I  thought 
it  would  be  well  to  increase  the  masses  set  in  vibration :  for 
this  purpose  I  took  a  bar  of  antimony,  five  inches  long,  three- 
eighths  of  an  inch  wide,  and  a  quarter  of  an  inch  thick,  and 
soldered  it  to  a  similar  bar  of  bismuth ;  to  the  ends  of  this 
compound  bar  copper  wires  were  attached,  which  communi- 
cated with  a  galvanometer.  When  this  was  set  in  vibration, 
by  striking  it  with  a  piece  of  iron,  as  a  file,  suspended  liom  a 
piece  of  string,  results  similar  to  the  former  were  obtained  :  at 
times  consideral)le  deviations  were  thus  obtained,  whilst  very 
often  no  deviation  whatever  could  be  observed ;  the  whole 
effect  seeming  to  depend  on  the  manner  in  whicli  the  vibra- 
tions are  propagated  along  the  wire.  The  results  were  on  the 
whole  much  more  satisfactory  with  this  arrangement  than  with 
the  former.  I  could  also  detect  the  nature  of  the  vibrations 
occurring  in  such  a  bar  much  better  than  with  wires  in  the 
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beautiful  manner  pointed  out  by  Strehlke*,  that  is,  by  cover- 
ing small  drops  of  water  with  lycopodium,  and  placing  these 
globules  on  the  bar,  when  the  directions  of  the  vibrations  will 
be  shown  by  the  motion  of  the  particles  of  lycopodium. 

I  could  obtain  no  satisfactory  results  in  my  attempts  to  in- 
crease the  deviation  of  the  galvanometer-needle  produced  by 
a  current  flowing  along  a  conducting  wire  by  setting  the  latter 
vibrating,  as  was  naturally  to  be  expected  from  the  nature  of 
the  current  produced.  In  some  cases  the  deviation  was  ma- 
terially increased,  whilst  in  others  it  appeared  to  be  very  much 
diminished.  It  is  unnecessary  for  me  to  say,  that  whenever  a 
current  was  observed  to  be  produced  in  the  vibrating  wire, 
it  acted  on  the  magnetic  needle  as  all  conductors  under  si- 
milar  circumstances.  Indeed,  there  must  be  some  intimate 
connection  between  magnetism  and  vibration,  from  the  fact 
that  if  a  bar  of  steel  be  struck  with  a  hammer,  so  as  to  occa- 
sion a  ringing  sound,  the  bar  will  become  magnetic ;  whilst  if 
struck  with  anything  soft,  the  effect  so  produced  is  very  tri- 
fling; and  also  when  a  magnet  is  allowed  to  fall  on  any  hard 
body  which  causes  it  to  vibrate  rapidly,  it  will  be  much  more 
injured  than  if  no  such  vibration  be  produced. 

I  do  not  think  two  metals  necessary  for  the  production  of 
electricity  by  vibration ;  for  when  I  tried  the  effects  of  vibra- 
tion on  a  bar  composed  of  crystalline  hard  iron  and  soft  fibrous 
iron,  I  obtained  results  which  certainly  lead  me  to  think  that 
the  arrangement  of  the  particles  has  much  more  to  do  with  the 
matter  than  their  nature.  Such  an  arrangement  certainly 
gives  decisive  thermo-electric  effects,  as  does  also  a  wire  com- 
posed of  crystalline  copper  and  fibrous  copper.  The  subject 
however  is  not  decided,  as  it  would  require  much  more  deli- 
cate apparatus  than  I  at  present  possess. 

Just  as  I  was  about  to  publish  these  results,  I  read  an  ac- 
count of  the  experiments  of  Ermann,  which  were  communi 
cated  to  the  last  meeting  of  the  British  Association,  from  which 
he  obtained  some  very  beautiful  results  so  closely  connected 
with  my  own  that  I  was  induced  to  repeat  all  my  experiments 
again ;  but  my  results  did  not  differ  from  those  which  I  ob- 
tained at  first,  although  the  galvanometer  which  I  used  on  the 
second  occasion  was  not  very  sensible,  at  least  for  such  pur- 
poses. One  of  Ermann's  results  certainly  coincides  in  a  very 
remarkable  manner  with  mine,  namely,  "  that  the  tribo-ther- 
mical  effect  is  instantaneous,  and  that  the  deviation  vanishes 
quite  as  instantaneously  as  it  commenced ;  the  teturn  of  the 
needle  to  its  primitive  station  being  one  of  the  most  striking 
features  of  the  phaenomena."  To  these  facts  he  adds,  that  the 
*  PoggendorflF's  Annal.,  vol,  xl.  p.  146. 
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results  seem  more  likely  to  be  effected  by  a  vibratory  motion 
of  molecules  than  by  a  continuous  effluence  of  caloric  fluid.  In 
fact,  vibratory  motion  is  the  sole  cause  of  the  phaenomena  he 
observed,  and  not  the  heat  produced  by  the  friction. 

There  are  a  number  of  points  of  great  importance  in  this 
inquiry  which  demand  further  investigation,  but  which  at  pre- 
sent I  cannot  follow  out  from  want  of  proper  apparatus ;  but 
I  hope  it  will  meet  with  the  attention  from  men  of  science 
which  it  deserves ;  indeed  it  cannot  be  in  better  hands  than 
in  those  of  Ermann,  who,  I  hope,  will  prosecute  the  subject 
with  vigour. 

The  effect  of  vibratory  motion  on  bodies  has  hitherto  at- 
tracted little  attention,  strange  to  say,  although  it  must  pro- 
duce some  very  curious  effects  on  them.  Its  effects  on  che- 
mical combination  will,  I  am  sure,  very  shortly  yield  some 
extremely  beautiful  results.  1  have  been  myself  trying  some 
experiments  of  this  kind  latterly,  and  shall,  I  hope,  be  able  in 
a  short  time  to  communicate  my  results  to  this  Journal.  One 
experiment  however  deserves  to  be  mentioned  here.  While 
in  Giessen  I  saw  the  curious  result  obtained  by  Drs.  Hofmanu 
and  Blyth,  by  heating  styrole  in  a  closed  tube  to  a  tempera- 
ture of  200°  centigrade,  by  which  that  substance  was  con- 
verted into  a  solid  vitreous  mass  having  exactly  the  same  com- 
position as  the  styrole,  to  which  they  gave  the  name  of  meta- 
styrole.  Some  time  after  I  thought  1  might  be  able  to  pro- 
duce a  similar  effect,  by  subjecting  a  portion  of  it  inclosed  in 
a  tube  to  rapid  vibration  for  several  days.  For  this  purpose 
I  prepared  a  considerable  portion  of  styrole  and  inclosed  it  in 
a  long  narrow  glass  tube,  and  caused  it  to  vibrate  by  the  fric- 
tion of  a  moist  cloth  attached  to  a  little  mechanism  set  in  mo- 
tion by  a  spring  for  thirty  hours,  when  nearly  the  whole  of 
the  styrole  become  solid:  when  the  solid  mass  was  again  di- 
stilled, liquid  styrole  was  obtained.  The  tube  containing  the 
substance  unfortunately  broke  just  as  I  was  about  to  repeat  the 
experiment,  but  I  hope  to  be  able  to  repeat  it  in  a  khort  time. 

Dublin,  August  13,  1846. 

XXXIX.  On  Drown  Iron  Ore.  Brj  Lieut.-Col.  P.  I.  Yorke*. 

QOME  observations  having  led  mo  to  believe  that  the  ana- 
^  Ivnis  generally  assignccl  in  systems  of  uiinerulogy  to  the 
crystallized  hydro-oxide  of  iron  really  belonged  to  another 
Hubbtance,  I  undertook  the  following  oxpcrinieuts  lo  clour  up 
the  point, 

*  Communicated  by  the  Chemical  Society}  having  been  read  March  17, 
1846. 
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When  I  made  the  experiments  I  had  not  seen  the  second 
edition  of  Dana's  Mineralogy*,  or  the  analyses  of  Kobell 
quoted  therein,  or  I  should  probably  have  saved  myself  the 
labour.  Although  my  results  accord  with  those  of  Kobell, 
yet  as  it  does  not  appear  that  any  distinctly  crystallized  spe- 
cimen has  been  analysed,  and  as  the  most  interesting  problem 
in  mineralogy  is  the  connection  between  crystalline  form  and 
composition,  it  may  not  be  deemed  superfluous  if  I  submit 
ray  results  to  the  Chemical  Society. 

A.  Crystallized  Brotson  Iron  Ore. 

The  specimen  was  obtained  from  Restoomel  mine  near 
Lostwithiel.  The  specific  gravity  of  the  mineral,  taken  on  a 
crystal  weighing  2*504  grs.,  I  found  to  be  -i'S?;  when  taken 
from  the  powdered  mineral,  in  the  manner  described  by  G. 
Rose,  it  came  out  4-*22  to  4* 24. 

I  annex  figures  of  the  forms  of  two  crystals,  and  the  mea- 
surements I  have  observed  on  them,  together  with  those  of 
similar  angles  obtained  by  Phillips  and  Levy.  Levy  makes 
the  primary  form  a  right  rhombic  prism  of  95°' 14,  the  ratio  of 
whose  terminal  edges  is  to  that  of  the  lateral  edges  as  10  to 
9 1 ;  and  I  have  followed  this  author  in  the  choice  of  the  planes 
assumed  as  primary. 

Fig.  1.  agrees  perfectly  with  the  view  that  the  primary  form 
is  a  right  rhombic  prism  ;  but  with  the  crystal  fig.  2.  1  met 
with  a  difficulty,  inasmuch  as  I  obtained  as  the  inclination  of 
g,  on  a  plane  apparently  corresponding  to  h^  fig.  1,  the  angles 
11 5°  40',  and  with  g'  on  the  other  side  114°  nearly.  I  believe 
this  is  owing  to  there  being  in  reality  two  very  narrow  planes, 
i  i'i  as  I  have  represented  them  in  fig.  2,  meeting  at  a  very 
obtuse  angle,  and  to  my  catching  the  reflexion  from  one  plane 
only.  Could  it  be  from  a  cause  of  this  kind  that  G.  Rose 
has  referred  this  substance  to  his  fifth  system  of  crystalliza- 
tion? J  I  hope  an  experienced  crystallographer  may  be  in- 
duced to  examine  this  crystal. 

Composition.^^  Some  preliminary  experiments  satisfied  me 
that  the  substance  consisted  of  red  oxide  of  iron,  oxide  of 
manganese  arid  water,  with  small  but  variable  quantities  of 
silica.     I  could  not  detect  any  phosphoric  acid  or  alumina, 

*  A  System  of  Mineralogy,  by  James  Dana,  2nd  edit.,  New  York  and 
London,  1844. 

•f  Description  d'une  Collection  de  Minhatix  formie  par  M.  H.  Heuland, 
par  A.  Levy.  Londres,  1837.  vol.  iii.  p.  155. 

X  Elemcns  de  CrustallograpMe,  par  G.  Rose,  traduit  par  V.  Regnault, 
p.  261  (18). 
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Fig.  1. 
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Qtiantitative  Analysis. 

1.  100  parts  lost  by  ignition  10,  and  left  undissolved,  when 
acted  on  by  muriatic  acid,  2-61  of  silica. 

2.  12-16  grs,  of  picked  crystals  free  from  quartz  yielded — 

In  1 00  parts. 
Silica 0035 


Water 

Red  oxide  of  iron 
Oxide  of  manganese 


1-225 
10-89 
0-02 

12-17 
0-01 


0-28 
10-07 
89-55 

0-16 
10006 


Excess 

The  silica  obtained  is  probably  an  admixture  only ;  abs- 
tracting the  silica,  the  following  gives  the  result  of  experiment 
compared  with  theory: — 

In  100  parts. 

Atomic  I 

Weiffht.  Theory. 

Fe^Og     = 

HO 

This  formula  (FejO^+HO)  agrees  with  that  obtained  by 
Kobell  from  substances  designated  as  nadeleisenerz,  goethite 
and  lepidokrokite  %  •  the  first  is  a  name  given  by  Breitluinpt 
to  the  crystals  found  in  the  neighbourhood  of  Bristol,  which 
have  been  described  by  W.  Phillips ;  the  specimen  examined 

•  CrystaU  from  the  neighbonrliood  of  Bristol. 

t  CrystuU  from  Uotulluck,  Cornwiill. 

X  Annale$  det  Mines,  3d  Ser.  vol.  xi.  p.  403. 


Atomic 
Weight. 
80      = 

9      = 

1 — -''■- ■ 

Theory.                  Ex[ 

89-89              89-81 

Mn^Og  016 

10-11 

eriment. 

1 89-97 

10-10 
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by  Kobell  was  from  Oberkirchen  in  Oldenbourg;  it  was 
crystallized,  but  the  crystals  were  not  measurable.  This  is 
undoubtedly  the  same  species  that  I  have  just  described. 
Under  the  second  name  is  included  a  substance  of  the  same 
composition  apparently  as  the  first,  but  from  the  observations 
of  Rose  it  seems  doubtful  whether  it  has  the  same  crystalline 
form*.  It  is  under  the  name  of  goethite,  however,  that  our 
mineral  of  Lostwithiel,  &c.  appears  in  Dana's  work.  I  may  now 
remark,  that  as  the  composition  of  this  substance  is  perfectly 
analogous  with  that  of  manganite  (Mn^  O3  +  HO),  so  are  the 
crystals  plesiomorphous;  the  primary  form  of  manganite  being 
a  right  rhombic  prism  of  99°  40',  and  the  ratio  of  its  terminal 
to  its  lateral  edges  is  as  25  to  21  (Levy).  The  secondary 
planes  also,  which  appear  on  the  figures  1  and  2,  are  found  on 
the  crystals  of  manganite,  as  may  be  seen  by  examining  the 
figures  of  that  mineral  in  the  works  of  Phillips  and  Levy. 

Kobell  comes  to  the  conclusion  that  there  are  in  nature 
two  hydrates  of  the  red  oxide  of  iron,  viz.  Fe2  O3  +  HO,  and 
2  FcgOg  +  3  HO:  the  first  very  rare,  the  second  common. 
My  observations  lead  me  to  believe  that  the  first  is  by  no  means 
uncommon  in  England,  as  appears  by  the  following  examina- 
tion of  brown  iron  ore  from  different  localities. 

a.  Compact  brown  iron  ore  accompanied  by  very  minute 
crystals  from  the  Forest  of  Dean.  Specific  gravity  obtained 
from  a  fragment  4'11.  It  contained  1  per  cent,  of  silica,  and 
deducting  this  lost  9*8  per  cent,  by  ignition. 

/3.  Fibrous  brown  iron  ore,  part  of  a  stalactite,  from  the 
same  locality  as  the  last;  sp.  gr.  4'*22:  loss  by  ignition  9*41 
in  100. 

y.  Fibrous  brown  iron  ore  from  Cornwall;  sp.  gr.  4*19; 
loss  by  ignition  10*24  in  100. 

These  specimens,  then,  all  appear  to  belong  to  the  same 
species,  FegOy  +  HO. 

B. 

I  then  examined  a  specimen,  also  from  Cornwall,  which  was 
partly  compact  and  breaking  into  smooth  splintery  fragments, 
and  partly  earthy.  The  sp.  gr,  taken  on  a  fragment  =  3*71, 
taken  from  the  powdered  mineral  =  3*98.  8  grs.  dissolved  in 
muriatic  acid  and  examined  for  alumina  gave  a  barely  per- 
ceptible precipitate  of  that  substance;  I  could  not  detect  any 
phosphoric  acid,  but  obtained  a  trace  of  a  white  malleable 
metal,  whose  sulphuret  was  soluble  in  hydrosulphuret  of  am- 
monia, and  which  appeared  to  be  tin.  It  lost  14  per  cent,  by 
ignition.  The  following  was  the  result  of  analysis  made  on 
10-99  grs.  :— 

•  According  to  Levy  the  forms  are  not  incompatible. — Vol.  iii.  p.  161. 
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In  100. 

Silica 0-26  2-42 

Water 1*57  14-28 

Sesquioxide  of  iron   ....     9*03  82*16 

of  manganese  .     .     0*124  1*13 

Trace  of  alumina,  tin,  loss  .     .     0'006  

10-99  99-99 

Deducting  the  silica  and  using  the  same  atomic  numbers  as 
before,  2Fe203  +  3HO  would  contain  in  100, — 

Theory.  Experiment. 

Peroxide  of  iron.     85-57  Ox.raang.^l-'is}^^'^'^ 

Water.     .     .     .     14-43  14-53 

100-  100- 

This,  then,  is  the  substance  called  limonite  by  Beudant, 
and  the  analysis  of  D'Aubuisson  commonly  attached  to  the 
crystallized  mineral  first  described  refers  to  this  species. 

c. 

I  have  also  examined  a  specimen  of  fibrous  brown  iron  ore, 
which  was  ticketed  "  Brauner  Glasskopf "  from  Wansiedel. 
This  specimen  was  covered  externally  by  a  blackish,  brilliant 
substance  about  one-tenth  of  an  inch  thick,  which  separated 
from  the  body  of  the  specimen  on  hammering  it,  and  broke 
off  in  small,  brilliant,  concretionary  majjses,  which  might  at 
first  sight  be  mistaken  for  crystals.  The  powder  of  this  sub- 
stance was  of  a  purplish  red.  It  lost  5'3  per  cent,  of  its 
weight  by  ignition. 

1 9835  grs.  of  the  body  of  the  specimen  which  had  a  fibrous 
structure,  separated  from  the  external  coating,  yielded  on 
analysitj— 

In  lOU. 

Silica 0-29  1-46 

Water 2-46         12-42 

Ked  oxide  of  iron     ....  17*02         8580 
f  Oxide  of  manganese  .     .     .     0*26  1-30 

Excess 0-20       

19-835  100-98 
This  onalvsis  agrees  with  the  hypothesis  that  the  substance 
is  composeu  of  single  c({uivalents  of  the  two  mineral  com- 
pounds lust  described,  but  it  would  bu  altogether  premature 
from  this  single  result  to  assume  the  uxislcnce  of  such  a  defi- 
nite compound. 

Indce(l  these  experiments  seem  to  me  to  lead  rather  to  the 
notion  that  all  the  brown  iron  ores  having  a  crystuUiiiu  struc- 
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ture,  including  the  fibrous  varieties,  belong  to  the  species 
first  described,  and  are  composed  of  1  atom  of  peroxide  of 
iron  and  1  atom  of  water. 

D. 

A  solution  of  persulphate  of  iron  was  precipitated  when 
boiling  by  a  solution  of  carbonate  of  soda  ;  the  precipitate  was 
washed  with  large  quantities  of  hot  distilled  water  and  then 
dried  at  212°.  It  was  of  an  orange-brown  colour,  and  had  a 
specific  gravity  of  3'77. 

To  ascertain  the  degree  of  purity  of  this  substance,  20  grs. 
were  dissolved  in  muriatic  acid,  and  chloride  of  barium  added ; 
this  gave  a  precipitate  which,  when  ignited,  weighed  '3  gr.  = 
•1  sulphuric  acid.  20  grs.  were  also  dissolved  in  muriatic  acid, 
and  precipitated  by  caustic  ammonia;  the  liquid  filtered,  eva- 
porated to  dryness,  and  the  residue  ignited,  weighed  *298  gr., 
consisting  of  sulphate  of  soda  mixed  with  the  oxides  of  man- 
ganese and  iron.  From  these  experiments  it  would  appear 
that  the  substance  cannot  contain  more  than  about  1  per  cent, 
of  impurity  derived  from  its  mode  of  preparation.  When  ig- 
nited in  a  platina  crucible  it  lost  1405  per  cent,  by  one  experi- 
ment, and  14*15  by  a  second ;  it  was  therefore  2Fe20ji4-  SHO. 

A  portion  of  this  substance  contained  in  a  test-tube  was 
placed  along  with  a  thermometer  in  a  bath  of  fusible  metal ; 
it  began  to  give  off  water  at  about  260° ;  it  was  kept  at  a  little 
below  400°  till  no  more  water  was  given  off;  the  remainder 
then  lost  by  ignition  10  per  cent. ;  it  was  therefore  converted 
into  FegOg+HO  at  that  temperature.  When  the  tempera- 
ture of  the  bath  was  raised  to  500°,  or  a  little  higher,  more 
water  was  given  off,  and  by  weighing  it  appeared  that  nine- 
tenths  of  the  quantity  of  water  contained  in  the  substance 
could  be  driven  off  at  that  temperature,  but  not  the  whole. 

A  portion  of  the  native  sesquihydrate  (B)  behaved  much  in 
the  same  manner,  and  appeared  to  be  converted  into  FcgOg 
+  HO  at  a  temperature  between  380°  and  400°. 

The  native  protohydrate  (A  B)  heated  to  512°  did  not  lose 
more  than  ^^tlis  per  cent.,  this  was  probably  hygrometric.  It 
begins  to  give  off  its  water  however  at  a  temperature  consi- 
derably below  red  heat,  which  is  visible  by  daylight. 


XL.   Observations  on  the  Action  of  Animal  Charcoal. 

By  Robert  WabingtoNjjE^^.* 
BOUT  twelve  months  since  a  friend  requested  that  I 
would  undertake  the  performance  of  an  experiment  for 


A 


•  Communicated  by  the  Chemical  Society;  having  been  read  March  17. 
1846. 
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him,  which,  if  successful,  he  considered  might  prove  of  im- 
portance. The  idea  had  occurred  to  him  in  passing  one  of 
the  large  breweries,  that,  from  the  greatly  increased  demand 
for  pale  ale,  such  as  is  exported  to  India,  as  a  beverage  for 
home  use,  it  would  be  practicable  to  discharge  the  colour  from 
the  ordinary  beer  by  artificial  means,  and  thus  obtain  the  de- 
sired object.  What  rendered  this,  he  said,  the  more  import- 
ant, was  the  difficulty  he  had  heard  expressed  by  persons  in- 
terested in  the  matter,  in  preparing  an  article  sufficiently  pale 
for  the  purpose  of  sale,  the  malt  employed  requiring  to  be 
made  expressly  for  this  quality  of  beer.  To  effisct  this  deside- 
ratum, he  considered  that  all  that  would  be  required  would 
be  to  pass  the  fluid  through  a  medium  of  animal  charcoal,  and 
that  the  ordinary  amber  colour  of  ale  would  be  thus  partially 
removed.  I  undertook  to  make  his  experiment  for  him,  at  the 
same  time  telling  him  that  I  thought  the  beer  would  be  ren- 
dered very  flat  and  the  flavour  much  injured,  but  certainly  not 
anticipating  what  followed.  The  method  adopted,  as  pre- 
senting the  least  objectionable  points  to  the  successful  attain- 
ment of  the  desired  object,  was  to  pass  the  cold  ale  through  a 
stratum  of  animal  charcoal  placed  on  a  paper  filter,  and  to 
repass  the  filtrate  through  the  same  medium  until  the  required 
effect  was  obtained  ;  the  ale  operated  upon  was  high-coloured, 
and  had  a  bitter  taste  and  the  fine  aroma  of  the  hop.  The 
colour  was  rapidly  removed,  but  the  ale  was  found  on  tasting 
extremely  vapid  and  flat,  and  the  whole  of  the  bitter  flavour 
was  found  to  have  been  also  abstracted.  Not  being  prepared 
for  this  result,  I  was  surprised  at  the  rapidity  of  the  action, 
and  resolved  immediately  to  carry  on  the  investigation  by 
substituting  other  and  stronger  bitters  in  the  place  of  the  hop. 
For  this  purpose  a  quantity  of  the  ale  which  had  previously 
had  the  flavour  of  the  hop  removed  by  charcoal  was  prepared, 
one  portion  of  which  was  boiled  with  bruised  gentian  root 
and  another  with  the  raspings  of  quassia  wood,  but  on  passing 
these  decoctions  when  cold  through  the  charcoal  filter  as  be- 
fore, the  whole  of  the  intense  bitter  flavour  wliich  they  had 
imbibed  rapidly  disappeared. 

It  now  occurred  to  me  that  this  property  of  animal  char- 
coal might  be  made  of  considerable  utility  to  the  chemist,  us, 
from  all  our  information  up  to  the  present  time,  it  does  not 
nflect  the  active  alkaline  organic  principles,  and  therefore 
should  prove  the  means  of  separating  the  [jitter  of  the  hop  and 
other  materials  from  that  of  strychnia  or  morphia  as  con- 
tained in  nux  vomica  or  opium,  it  being  freciuentiy  stated  that 
some  persons,  vendors  or  makers  of  this  common  beverage, 
ore  iu  the  habit  of  adding  these  and  other  materials  in  small 
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quantities  to  their  beer  to  give  it  a  more  intoxicating  power. 
1  therefore  digested  some  nux  vomica  in  coarse  powder  with 
a  part  of  the  ale  prepared  for  the  previous  experiments,  and 
on  passing  this  when  cold  a  great  number  of  times  through  the 
charcoal  the  bitter  flavour  still  remained,  and  hence  I  con- 
cluded at  the  time  that  my  hypothesis  was  correct.  Other 
engagements  broke  in  on  my  experiments  at  this  time,  and 
prevented  my  prosecuting  the  investigation  further. 

About  ten  days  since,  however,  I  was  recalled  to  this  subject 
by  some  other  experiments,  and  tried  the  effect  of  animal 
charcoal  on  the  decoctions  of  some  other  astringent  bitter 
substances,  as  oak  bark,  Peruvian  bark  {Cvichona  cordifolia), 
and  others,  all  of  which  had  their  flavour  entirely  removed. 
It  may  be  as  well  to  mention  here,  that  in  this  second  and  also 
in  a  subsequent  series  of  experiments  the  animal  charcoal  was 
added  to  the  warm  solution  of  the  material  under  trial,  and 
they  were  digested  together  on  a  sand-bath  until  the  full  effect 
had  taken  place,  after  which  the  fluid  was  passed  through  a 
filter.  The  charcoal  used  was  tlie  ordinary  bone-black  of  the 
sugar-refiner  purified  by  digestion  with  hydrochloric  acid, 
washed  as  long  as  any  saline  matter  was  abstracted,  and  then 
dried  and  heated  to  low  redness.  I  then  tested  the  extent  of 
this  extraordinary  power  of  charcoal  by  sul)mitting  a  decoc- 
tion of  aloes  to  its  action,  with  the  same  results,  the  whole  of 
the  bitter  flavour  being  removed. 

I  had  proceeded  thus  far  when  I  was  referred  by  my  friend 
Mr.  Henry  to  a  work  published  at  Breslau  in  1842,  by  MM. 
A.  Duflos  and  A.  Hirsch,  entitled  Okonomische  Chemie^  where, 
under  the  article  Beer  at  page  QS^  I  found  nearly  all  that  I 
had  observed  described  in  a  few  words ;  namely,  that  the  bit- 
ter of  the  hop,  and  of  all  other  vegetables  used  as  substitutes 
for  it,  as  gentian,  wormwood,  &c.,  and  even  aloes,  was  removed 
by  animal  charcoal,  but  that  the  bitter  of  nux  vomica,  which 
is  often  made  use  of  in  England,  was  not  affected. 

On  looking  over  my  experiments,  however,  my  attention 
was  arrested  by  finding  that  the  decoction  of  the  bark  of  the 
Cinchona  cordifolia  had  had  the  whole  of  its  bitter  removed. 
Now,  on  the  grounds  stated  in  the  previous  part  of  this  paper 
regarding  the  active  principle,  this  should  not  have  been  the 
case.  I  therefore  took  a  small  quantity  of  disulphate  of  quina, 
dissolved  it  by  heat  in  distilled  water,  and  then  added  the 
charcoal,  and  discovered  that  the  whole  of  the  bitter  was  re- 
moved in  less  than  a  minute.  A  solution  of  acetate  of  mor- 
phia was  also  submitted  to  the  action  of  charcoal  with  a  like 
result.  A  watery  solution  of  strychnia  was  similarly  affected, 
and  this  made  it  necessary  to  repeat  my  former  experiment  on 
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nux  vomica,  which  had  been  made  on  a  cold  solution  and 
simply  filtering  it  through  the  charcoal ;  it  was  now  digested 
with  the  aid  of  heat,  and  the  whole  of  its  bitter  flavour  quickly 
disappeared.  The  statement  of  Duflos  and  Hirsch,  on  this 
point,  is  not  therefore  entirely  correct. 

To  try  the  extent  to  which  this  abstracting  power  proceeds, 
2  grains  of  disulphate  of  quina  were  dissolved  in  2  ounces 
of  distilled  water,  and  animal  charcoal  gradually  added  in 
small  quantities  to  the  warm  solution  until  the  whole  of  its 
bitter  flavour  was  removed;  it  was  found  that  12  grains  of  the 
charcoal  had  been  required  to  effect  this. 

It  becomes  a  matter  of  surprise  that  this  power  of  animal 
charcoal  has,  as  far  as  I  am  aware,  never  been  observed  be- 
fore, notwithstanding  the  frequent  and  extensive  employment 
which  is  made  of  this  agent  in  the  preparation  of  the  vegetable 
alkalies,  their  salts,  and  a  great  variety  of  other  substances  of 
an  organic  nature,  for  which  it  is  directed  to  be  used  for  the 
purposes  of  discoloration  in  all  our  chemical  works  and  phar- 
macopoeias. Numerous  analyses  of  organic  substances,  in 
which  it  has  been  employed,  will  also  be  open  to  error  on  the 
same  grounds. 

Before  leaving  this  branch  of  the  subject,  I  should  refer  to 
a  paper,  and  1  believe  the  only  one  that  bears  particularly  on 
any  of  the  previous  statements,  by  Dr.  Louis  Hopff^  in  the 
17th  volume  of  the  Journal  de  Pharmacies  p.  172,  "  On  the 
property  of  Charcoal  in  destroying  the  bitter  flavour  of  many 
bodies;"  in  which  he  gives  a  series  of  comparative  trials  with 
wood  and  animal  charcoal  at  a  tem})erature  between  78°  and 
86°  Fahr.  on  solutions  of  a  specified  strength,  of  the  extracts 
of  bitter  herbs,  woods,  roots,  barks,  leaves,  flowers  and  fruits. 

I  annex  a  few  examples  from  this  paper  of  substances  which 
have  formed  the  subject  of  experiment  in  the  present  commu- 
nication, as  I  believe  that  the  great  discrepancies  which  will 
be  noticed  arise  from  the  charcoal  employed  by  Dr.  Hopfl' 
not  having  been  well  prepared. 


Aft«r  twenty-four  boun. 

After  fortjr-elght  houn. 

After  boiling. 

Gentian    ... 
QuaauA    ... 

Aloet   

Nux  romlca 

Had  lost  a  little  of  its 

bitter. 
I'erliapv  lost  a  little 

of  its  bitter. 
I*crhatis     a     little 

changed. 
Very  little  changod. 

Purely  bitter. 

As  before. 

A  little  changed. 

Little  clianged,   itill 
very  liittcr. 

Had  lost  very  little  of 

its  bitter. 
Lost  very  little  of  its 

bitter. 
As  before. 

Sensibly  less  bitter. 

In  ft  not«  the  autlior  my*  that  the  bitter  of  nux  vomica  dis- 
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appeared  entirely  on  agitating  its  solution  with  a  great  excess 
of  animal  charcoal. 

By  analogical  reasoning  I  was  led  to  try  the  effect  of  this 
agent  on  salts  of  inorganic  constituents,  and  here  a  similar  ac-" 
tion  was  exerted.  A  large  quantity  of  sulphate  of  magnesia 
was  removed  from  its  solution  in  water,  as  also  of  chloride 
of  barium,  sulphate  of  soda  and  other  salts.  The  fact  of  sul- 
phate of  lime  being  removed  from  its  solution  has  I  find  been 
already  noticed  by  Pay  en  and  Graham. 

On  laying  the  preceding  experiments  before  the  Society,  I 
stated  that  1  proposed  to  carry  on  the  investigation,  but  I 
have  since  met  with  a  paper  by  M.  Chevallier*,  "  On  the  ac- 
tion of  Animal  Charcoal  on  Metallic  Salts,"  in  which  he  also 
proposes  investigating  its  action  on  the  organic  salts.  Had  I 
been  aware  of  the  existence  of  this  paper  at  the  time,  I  cer- 
tainly should  not  have  brought  my  own  experiments  forward, 
and  shall  not  continue  the  investigation  until  M.  Chevallier 
has  closed  his  researches.  I  can  only  express  my  regret  that 
I  should  even  thus  far  have  anticipated  his  results. 

XLI.    On  the  Applicatioti  of  Photography  to  Registering  the 

Thermometer  and  Barometer.  By  Henry  Hennessy f. 
^P*HE  delicacy  required  in  an  instrument  for  registering 
A  continuously  the  indications  of  the  thermometer  or  ba- 
rometer is  such  that  contrivances  of  a  merely  mechanical  na- 
ture could  never  fulfil  such  a  purpose.  As  I  am  not  aware 
that  the  photographic  process  has  been  ever  applied  to  effect 
this  desirable  object,  I  here  present  some  account  of  my  at- 
tempts at  showing  the  practicability  of  such  an  application  of 
that  process  J.  It  occurred  to  me  a  few  months  since,  that  the 
shadow  of  the  mercury,  or  whatever  fluid  may  be  used  to  in- 
dicate by  its  oscillations  physical  changes  going  on  in  the  at- 
mosphere, could  be  received  upon  a  sheet  of  prepared  photo- 
graphic paper  or  a  Daguerreotype  plate.  In  proceeding  to 
make  the  necessary  experiments,  I  found  that  the  common 
mercurial  thermometer  was  not  adapted  for  my  purpose.  No 
method  in  my  power  could  prevent  the  light  from  travelling 
as  it  were  around  the  column  of  mercury,  and  thus  preventing 
the  formation  of  a  distinct  shadow.  It  appears  that  the  best 
method  for  obviating  such  an  inconvenience  would  be  to  have 
the  sides  of  the  thermometer  tube  made  of  some  opake  sub- 

*  Comptes  Rendus,  vol.  xix.  p.  1279.     f  Communicated  by  the  Author. 

X  [We  are  informed  by  Mr.  Hunt,  that  many  years  since,  Mr.  Thomas 
Jordan  tried  a  great  many  experiments  on  using  photographic  papers  to 
register  meteorological  instruments,  and  published  his  results  in  the  Reports 
of  the  Polytechnic  Society. — Ed.] 

Phil,  Mag.  S.  3.  Vol.  27.  No.  180.  October  184-5.         T 
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stance,  while  the  front  and  back  should  each  consist  of  a  thin 
film  of  glass  equal  in  breadth  to  the  bore  of  the  tube.  In  the 
absence  of  such  an  instrument  I  used  a  spirit  thermometer, 
the  tube  of  which  had  a  large  bore  and  a  small  external  dia- 
meter. This  was  inserted  in  a  slit  made  in  the  side  of  a  flat 
box,  and  the  portions  at  each  side  of  the  spirit  column  were 
blackened.  A  sheet  of  photographic  paper,  prepared  with 
bromide  of  potassium  and  nitrate  of  silver,  was  placed  on  a 
plate  of  glass  which  was  drawn  by  clockwork  through  the 
box.  The  plate  was  at  a  distance  of  nearly  •!  of  an  inch  from 
the  column  of  spirit  in  the  thermometer,  and  five  feet  from  an 
open  window.  The  window  faced  towards  the  east,  but  the 
direct  rays  of  the  sun  did  not  fall  on  the  apparatus  during  the 
experiment.  As  the  plate  passed  before  the  thermometer,  a 
beam  of  light  was  thrown  upon  it  more  or  less  high,  accord- 
ing to  the  height  of  the  spirit  in  the  tube  or  the  temperature 
of  the  surrounding  air.  A  shadow  bounded  by  a  defined 
curve  was  thus  formed,  as  is  shown  in  the  figure. 


.9    /O     //  /» 


The  imperfections  of  my  apparatus  having  rendered  the 
motion  of  the  plate  carrying  the  paper  rather  irregular,  the 
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shadow  was  not  perfectly  continuous,  but,  as  can  be  perceived, 
a  series  of  white  spaces  were  interposed  between  each  of  the 
dark  portions.  The  translucency  of  the  coloured  spirit  also 
permitted  some  light  to  act  upon  the  lower  part  of  the  sheet, 
making  faint  prolongations  of  the  dark  spaces. 

In  my  first  experiment  the  temperature  was  registered  in 
this  way  for  only  five  hours ;  in  my  second,  the  result  of  which 
is  exhibited  in  the  diagram,  the  operation  was  carried  on  for 
nine  hours,  or  from  ten  in  the  morning  until  seven  in  the  af- 
ternoon. During  the  course  of  the  last  experiment,  the  sky 
was  occasionally  much  obscured  so  as  to  lessen  the  intensity 
of  the  light,  and  both  experiments  were  performed  during  the 
present  month. 

When  results  so  satisfactory  have  been  obtained  with  such 
imperfect  apparatus  as  that  which  I  have  used,  it  is  super- 
fluous to  anticipate  what  would  take  place  under  more  favour- 
able circumstances.  The  application  of  photography  to  re- 
gister the  height  of  the  mercury  in  the  barometer  ought  to  be 
still  more  practicable  than  in  the  thermometer,  as  in  the 
former  case  the  shadow  thrown  on  the  paper  would  be  so 
much  broader  than  could  ever  be  possible  in  the  latter.  I 
trust  that  I  shall  soon  be  able  to  present  such  facts  on  this 
portion  of  the  subject  as  will  effectually  clear  up  all  doubts. 
The  experiments  which  I  have  made  on  the  application  of  the 
Daguerreotype  and  calotype,  although  yet  incomplete,  have 
been  satisfiictory.  From  the  researches  of  Prof.  Draper  and 
others  on  the  action  of  artificial  light  upon  Daguerreotype 
plates,  I  have  been  led  to  hope  that  temperatures  and  baro- 
metrical oscillations  can  be  registered  continuously  at  night 
as  well  as  by  day.  In  using  a  lamp  to  produce  a  shadow  of 
the  fluid  column  in  the  instrument,  it  may  at  first  appear  that 
errors  would  be  produced,  from  the  circumstance  that  the 
shadow  would  not  always  have  the  same  proportion  to  the 
column.  But  that  such  errors  would  be  inconsiderable  ap- 
pears from  the  easily  deduced  formula 

^_Jl-m{li-h)^ 
l+m  ' 

where  in  the  case  of  a  thermometer  0  represents  the  number 
of  degrees  in  the  true  temperature,  Q  the  number  recorded  on 
the  plate,  H  the  height  of  the  bulb  of  the  instrument  above 
an  horizontal  plane,  h  the  height  of  the  flame  of  the  lamp 
above  the  same  plane,  I  the  perpendicular  distance  from  the 
flame  of  the  lamp  to  a  plane  passing  through  the  mercurial 
column  parallel  to  the  plate,  and  m  the  distance  from  the  mer- 
curial column  to  the  plate.     A  similar  formula  would  give  the 

T2 
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true  height  of  the  mercury  in  the  case  of  a  barometer.     If 
circumstances  should  render  the  correction  obtained  by  the 
foregoing  formula  of  any  importance,  tables  could  be  easily 
calculated  to  facilitate  its  practical  application. 
Dublin,  August  14,  1845. 


XLII.  Contributions  to  Actino-Chemtstry.  —  The  Chemical 
Changes  produced  by  the  Solar  Rays  on  some  Photographic 
Preparations  examined.  By  Robert  Hunt,  Keeper  of 
Mining  Records,  Museum  of  (Ecofiomic  Geology*. 

1.  T>EING  desirous  of  ascertaining,  with  more  correctness 
-"-^  than  has  hitherto  been  done,  the  nature  of  the  changes 
produced  by  solar  radiations  upon  the  various  preparations 
used  for  photographic  purposes,  I  instituted,  a  short  time 
since,  a  series  of  experiments  with  this  object  in  view.  Com- 
mencing with  the  salts  of  silver  most  commonly  used  in  this 
new  and  beautiful  art,  it  is  my  intention  to  proceed  with  all 
organic  as  well  as  inorganic  bodies,  which  the  researches  of 
late  years  have  shown  us  undergo  a  chemical  change  by  ex- 
posure to  sunshine.  This  inquiry  must  necessarily  extend 
itself  over  a  considerable  period,  but  by  confining  myself 
strictly  to  the  examination  of  one  compound  at  a  time,  1  hope 
to  be  enabled  gradually  to  place  the  entire  subject  in  a  more 
satisfactory  light  than  it  is  at  present.  The  results  I  have  al- 
ready obtained  are  in  the  highest  degree  satisfactory ;  and  as 
they  have  reference  particularly  and  solely  to  the  oxides,  ni- 
trate and  chloride  of  silver,  I  see  no  good  reason  for  with- 
holding their  publication.  As  the  examination  of  the  other 
preparations  is  completed,  1  shall,  from  time  to  time,  forward 
my  results  to  the  editors  of  the  Philosophical  Magazine. 

2.  During  the  past  five  or  six  years,  the  attention  of  some 
of  the  most  eminent  philosophers  of  Europe  lias  been  turned 
to  the  subject  of  photography.  The  result  has  been  the  dis- 
covery of  a  great  number  ol  most  interesting  processes;  and 
in  some  few  cases  the  chemistry  of  the  changes  produced  by 
ACi'iNic  power  has  been  examined  and  explained.  This  has, 
however,  so  rarely  been  the  case,  that  I  shall  ofler  no  apology 
for  proceeding  anew  over  the  entire  subject;  and  I  hope  in 
every  instance,  where  I  do  not  acknowledge  the  previous  la- 
bours of  other  inquirers,  that  the  omission  will  be  set  down  to 
its  true  cause — my  ignorance  of  those  labours — and  not  attri- 
buted to  any  desire  on  my  part  to  arrogate  to  myself  the  merit 
of  any  discovery  which  is  fairly  due  to  another. 

*  Conimunicntcd  by  the  Author. 


Mr.  Hunt  on  Actino-Chemistry,  21*J 

Oxides  of  Silver, 

3.  To  a  weak  solution  of  nitrate  of  silver  in  distilled  water 
a  very  dilute  solution  of  pure  baryta  was  added,  and  the  re- 
sulting precipitated  oxide  of  silver  received  upon  plates  of 
glass.  When  the  whole  of  the  oxide  had  fallen  down,  the 
fluid  was  removed  very  slowly  by  means  of  a  small  glass  si- 
phon, so  that  the  powder  on  the  glass  plates  might  not  be  dis- 
turbed. Without  being  removed  from  the  vessel  in  which 
the  precipitation  was  effected,  the  oxide  was  dried  at  a  very 
moderate  heat,  and  there  resulted  exceedingly  thin  films  of 
the  oxide  of  silver  on  the  glass,  quite  free  from  all  organic 
matter,  every  precaution  being  taken  to  prevent  its  presence. 

4.  These  plates  were  exposed  to  full  sunshine  for  periods 
varying  from  one  to  twenty-four  hours,  one-half  of  them  being 
covered  with  an  opake  body.  The  brown  oxide  of  silver 
(protoxide)  was  gradually  darkened,  so  that  after  half  an 
hour's  exposure,  the  exposed  part  was  a  much  deeper  brown 
than  that  which  had  been  covered.  This  darkening  process 
was  continued  until  a  perfect  black  was  produced,  after  which, 
by  the  prolonged  action  of  sunshine,  a  very  remarkable 
whitening  of  the  oxide  takes  place,  and  proceeds  slowly  until 
it  is  of  a  very  fine  olive  colour. 

5.  On  immersing  one  of  these  plates  in  strong  ammonia,  all 
the  oxide  which  had  been  kept  from  the  solar  action  was  dis- 
solved off,  whereas  the  exposed  part  did  not  appear  to  be 
acted  on.  Another  plate,  immersed  in  a  solution  of  twenty 
drops  of  nitric  acid  in  300  drops  of  water,  was  acted  on  in  pre- 
cisely the  same  manner;  the  oxide  being  entirely  removed  from 
the  unexposed  portion  of  the  glass  plate,  whilst  the  changed, 
or  actinized  part,  appeared  to  remain  untouched.  From  this 
we  might  consequently  infer  that  the  oxide  of  silver  had  been 
reduced  to  the  metallic  state.  Moderately  strong  nitric  acid, 
dissolving  the  whole  from  the  glass,  seemed  to  render  this  in 
every  way  probable. 

6.  Metallic  silver,  in  however  fine  a  state  of  division  it  may 
be,  conducts  electricity;  consequently  it  was  expected  that 
the  changed  oxide  would  conduct  the  current  of  a  voltaic  bat- 
tery. One  of  the  glass  plates  covered  with  oxide  was  made 
part  of  the  circuit,  between  a  single  pair  and  a  galvanometer 
of  great  delicacy,  but  not  the  slightest  indication  of  any  con- 
ducting power  could  be  detected. 

7.  Films  of  oxide  of  silver  were  darkened  all  over  by  long 
exposure  to  sunshine.  One  was  placed  in  ammonia  and  an- 
other in  very  dilute  nitric  acid.  It  was  now  discovered  that 
the  ammonia  did  dissolve  a  portion  of  the  actinized  oxide;  it 
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became  of  a  pale  brown  colour,  and  was  found  to  hold  silver 
in  solution.  The  dilute  nitric  acid  also  dissolved  off  some 
oxide  from  the  plate,  as  was  shown  by  its  becoming  milky  on 
the  addition  of  muriatic  acid.  On  adding  some  potash  to  the 
ammonia,  and  dissipating  the  ammonia  by  heat,  a  black  pre- 
cipitate was  formed.  The  precipitate  from  nitric  acid  by 
potash  was  dark  brown.  The  general  characters  of  this  oxide 
were  the  same  as  those  of  the  suboxide  of  silver  examined 
by  M.  Wohler. 

8.  After  having  removed  as  much  as  possible  from  the  glass 
plate  by  solution  in  ammonia,  there  was  still  a  film  upon  the 
surface  of  the  glass,  which  upon  drying  became  nearly  black, 
appearing  of  a  fine  olive-green  colour  when  looked  through. 
It  was  now  ascertained  that  this  film  conducted  an  electric 
current,  and  on  pouring  over  the  plates  nitric  acid  diluted 
with  an  equal  quantity  of  water,  the  films  were  dissolved  off 
with  the  formation  of  nitrous  acid  fumes. 

9.  These  results  prove  to  us  that  the  influence  of  the  che- 
mical rays  (actinism)  on  the  protoxide  of  silver,  converts  it 
into  a  suboxide  and  into  metal.  I  have  not  been  able  by 
the  longest  exposure  to  sunshine  to  reduce  all  the  suboxide 
to  the  state  of  metal,  unless  organic  matter  was  present. 

10.  Pure  protoxide  of  silver  being  spread  whilst  moist  upon 
paper,  by  means  of  a  camel-hair  pencil,  and  carefully  dried, 
passes  in  the  course  of  a  few  hours,  if  the  sun  shines  strongly, 
into  a  perfect  black,  the  whole  of  which  dissolves  off  in  am- 
monia. This  salt  precipitated  by  potash,  the  ammonia  being 
dissipated  by  heat,  gave  upon  reduction  the  exact  formula  of 
Wohler's  oxide  (Ag20). 

11.  By  continuing  the  exposure  of  these  papers  for  a  few 
days,  their  colours  were  changed  from  black  to  an  olive.  Am- 
monia dissolved  nothing,  and  diluted  nitric  acid  was  equally 
inactive.  In  moderately  strong  nitric  acid,  however,  the 
paper  was  almost  immediately  rendered  white  with  the  forma- 
tion of  nitrous  acid  fumes.  Any  analytical  results  from  pre- 
parations on  paper  are  so  liable  to  error,  from  the  inconstant 
character  of  the  composition  of  the  })aper  itself,  that  they  are 
scarcely  to  be  depended  upon.  But  by  very  carefully  drying 
two  weighed  pieces  of  paper  until  they  lost  no  further  weight, 
and  even  heating  them  up  to  a  point  but  a  little  below  that  at 
wljich  the  paper  would  scorch,  placing  lhen\  both  in  warm 
tubes  and  hermetically  sealing  them,  exposing  one  to  the  ac- 
tinic influence  whilst  the  other  was  preserved  in  the  dark, 
opening  the  tubes  under  the  same  circumstances,  burning  the 
popcrs  at.  the  same  temperature,  and  weighing  the  ashes 
against  each  other,  I  succeeded  in  reducing  the  sources  of 
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error  considerably ;  and  the  result  was,  in  several  experiments, 
that  the  actinized  oxide  lost  in  weight  exactly  (or  very  nearly) 
the  weight  of  the  oxygen  of  the  oxide  employed. 

12.  Several  trials  were  made  to  ascertain  if  the  films  of 
oxide  of  silver  on  the  glass  plates  lost  weight  upon  darken- 
ing; but,  although  some  evidence  was  obtained  that  they  did 
so,  it  must  be  admitted  that  it  was  not  at  all  satisfactorily 
proved  to  be  the  case  by  this  means.  The  films  seldom  ex- 
ceeded a  grain  in  weight,  and  the  pieces  of  glass  upon  which 
they  were  spread  generally  weighed  200  grains;  it  will 
therefore  be  easily  conceived  how  difficult  a  thing  it  was  after 
an  exposure  of  some  hours  to  sunshine,  and  under  all  the  va- 
rying conditions  of  temperature  and  atmospheric  moisture, 
to  decide  with  anything  like  accuracy  the  loss  by  weight  of 
oxygen  of  the  oxide  employed ;  the  more  so  as  evidence  was 
obtained  to  show  that  the  finely  divided  metal  had  the  pro- 
perty of  condensing  water  within  its  pores  with  some  rapidity. 
I  cannot  refrain  from  venturing  to  express  my  opinion,  that 
the  silver  reduced  by  actinic  power  is  different  in  many  re- 
spects from  silver  brought  to  an  ecjually  fine  state  of  division 
by  mechanical  means. 

13.  The  oxide  of  silver,  as  is  well  known,  is  soluble  in  am- 
monia ;  by  exposing  such  a  solution  to  the  action  of  the  at- 
mosphere, a  pellicle  forms  upon  its  surface,  which  Faraday 
considers  a  peculiar  oxide.  If  this  solution  is  spread  over 
paper  and  dried,  I  believe  a  similar  oxide  of  silver  is  formed. 
This  paper  darkens  by  exposure  to  light  with  some  rapidity, 
as  does  also  the  film  formed  on  the  surface  of  the  ammonia. 
After  darkening,  it  will  be  found  that  the  darkened  parts  are 
no  longer  soluble  in  ammonia,  or  in  diluted  nitric  acid,  but 
that  moderately  strong  nitric  acid  dissolves  it  with  the  forma- 
tion of  nitrous  acid  vapours.  In  this  case,  consequently,  we 
may  conclude  that  the  oxide  is  reduced  to  the  metallic  state 
at  once  by  the  action  of  the  sun's  rays. 

14.  Perfectly  pure  silver,  as  is  well  known,  does  not  com- 
bine with  oxygen  by  exposure  to  the  air;  but  silver  reduced 
as  above  by  solar  action,  becomes  oxidized  by  exposure,  and 
after  a  short  time  ammonia  will  dissolve  oft'  a  considerable 
portion. 

Nitrate  of  Silver, 

1 5.  Nitrate  of  silver  does  not  change  by  the  action  of  light, 
unless  organic  matter  is  present,  for  which  it  is  so  delicate  a 
test,  that  Dr.  John  Davy  recommended  it  as  the  most  useful 
for  ascertaining  the  presence  of  minute  quantities  in  a  solu- 
tion. It  has  been  stated  that  the  "  nitric  acid  appears  to  b^  the 
agent  which  destroys  the  animal  texture,  and  the  black  stain 
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is  owing  to  the  separation  of  oxide  of  silver*;"  and  this  opi- 
nion has  been  very  generally  entertained.  I  am  satisfied, 
however,  that  something  more  than  this  takes  place,  and  that 
an  actual  combination  of  the  organic  body  with  the  silver  en- 
sues; and  I  hope  to  have  an  opportunity  of  examining  some 
of  the  very  complicated  phaenomena  which  have  presented 
themselves  to  my  notice,  during  investigations  which  have 
been  made  incidentally  to  the  present  inquiry,  into  the  influ- 
ence of  organic  matter  upon  the  salts  of  silver  and  gold,  during 
exposure  to  light  and  heat. 

16.  Count  Rumford  appears  to  have  been  the  first  who  no- 
ticed that  carbon  had  the  property  of  reducing  the  salts  of 
gold  and  silver  from  their  solutions,  at  a  temperature  below 
that  of  boiling  water  in  the  dark ;  and  that  the  same  precipi- 
tate of  pure  metal  took  place  by  exposure  to  the  sun's  rays. 
He  inferred  from  this,  that  the  "chemical  properties  attributed 
to  light"  were  due  alone  to  the  heating  powers  of  the  sun's 
rays.  The  error  of  this  has  long  been  known,  as  experiments 
with  the  prismatic  spectrum  have  shown  that  the  rays  in  which 
the  calorific  power  exists  at  its  maximum  have  little  effect  in 
producing  any  such  reduction.  The  precipitation  of  the  silver 
from  the  nitrate  in  solution  takes  place  very  speedily  under 
the  influence  of  the  solar  rays  which  have  been  deprived  of 
their  heat  by  being  passed  through  plates  of  alum  or  rock- 
salt,  and  when  the  temperature  of  the  solution  is  kept  at 
32°  F. 

17.  Nitrate  of  silver  dissolved  in  distilled  water  was  spread 
on  paper ;  it  was  allowed  to  darken  to  a  chocolate-brown : 
ammonia  now  dissolved  off"  the  darkened  surface,  proving  it 
to  be  in  the  condition  of  an  oxide.  The  exposure  being  con- 
tinued for  some  hours  during  very  bright  sunshine,  a  surface 
of  a  peculiar  russet  colour,  and  of  a  dirty  appearance,  resulted. 
Ammonia  did  not  now  possess  the  power  of  altering  the  co- 
lour; it  removed  some  oxide  from  the  paper,  which  arose 
from  undecomposed  nitrate  of  silver,  protected  by  the  super- 
ficial film  from  the  action  of  the  rays  of  the  sun.  But  if  the 
darkened  paper  was  previously  soaked  in  distilled  water, 
until  all  the  free  nitrate  was  dissolved  out  of  it,  neither  am- 
monia nor  dilute  nitric  acid  separuted  aiiv  oxide,  clearly 
showing  that  the  darkened  surface  was  metallic  silver. 

18.  Some  nitrate  of  silver  in  distilled  water  was  boiled  with 
u  grain  or  two  of  animal  gelatine  for  some  hours  in  the  dark; 
tlie  solution  became  coloured  a  fine  brown,  but  even  after 
btunding  for  many  hours  no  precipitation  took  place.  Potash 
precipitated  tlie  oxide  of  a  black  colour,  which  anunonia  dis- 

•  Turner*!  Elements  of  Chcmiutry. 
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solved.     The  solution  being  of  a  brown  colour,  I  am  led  to 
infer  that  this  is  a  suboxide  of  silver  [1.). 

19.  A  similar  solution  of  nitrate  of  silver  and  gelatine  was 
put  into  a  stoppered  bottle  and  exposed  to  sunshine ;  it  speed- 
ily darkened,  and  in  about  two  hours  the  solution  was  so 
opake  that  the  sun  could  scarcely  be  seen  through  it.  Its 
colour  was  a  grayish-green,  which  it  retained  during  an  ex- 
posure to  very  bright  sunshine  for  five  days.  It  was  ex- 
pected that  an  increase  in  the  acid  reaction  of  the  solution 
might  be  detected  during  the  progress  of  the  precipitation. 
Such  can  hardly  be  said  to  have  been  the  case :  the  solution 
was  repeatedly  tested  with  litmus  paper,  but  the  change  of  co- 
lour was  very  nearly  as  decided  at  first  as  after  the  entire 
length  of  the  exposure.  Does  the  nitric  acid  enter  into  com- 
bination with  the  organic  compound,  or  is  it  itself  decomposed 
by  the  combined  action  of  the  solar  rays  and  the  organic 
matter  ? 

20.  It  was  with  great  difficulty  that  the  precipitated  matter 
could  be  separated  from  the  solution;  this  was  at  length  ef- 
fected by  subsidence,  and  it  was  found  to  be  entirely  soluble 
in  ammonia,  giving  a  reddish-brown  solution.  The  bottle  in 
which  the  solution  had  been  placed  was  coated  with  a  thin  film 
of  an  olive-coloured  matter,  transmitting  green  light,  upon 
which  neither  ammonia  nor  very  diluted  nitric  acid  acted. 
By  nitric  acid  diluted  with  an  equal  quantity  of  water  it  was 
very  speedily  dissolved,  the  bottle  becoming  filled  with  nitrous 
acid  fumes.  It  is  apparent  from  this  experiment,  that  the  first 
action  of  the  light  is  to  liberate  the  protoxide  of  silver  from  its 
combined  acid,  then  to  set  free  another  proportional  of  oxy- 
gen, and  that  eventually  the  suboxide  is  entirely  reduced  to 
metallic  silver.  The  nitric  acid  and  the  organic  compound 
are  evidently  thrown  into  some  new  conditions  by  the  agency 
of  the  sun's  rays,  the  examination  of  which  I  reserve  for  the 
present. 

Chloride  of  Silver. 

21.  Perfectly  pure  chloride  of  silver  was  prepared  by  dis- 
solving crystallized  nitrate  of  silver  in  distilled  water  which 
had  been  boiled  with  a  little  nitric  acid,  to  ensure  the  absence 
of  any  organic  matter :  it  was  then  precipitated  by  pure  mu- 
riatic acid,  well-washed  with  distilled  water,  separated  by  sub- 
sidence, and  dried  on  glass  in  a  sand  bath.  In  diffused  light 
this  chloride  changes  colour  very  slowly,  and  eventually  as- 
sumes only  a  light  lead  colour.  In  bright  sunshine  it  darkens 
much  more  rapidly,  and  becomes  brown  by  about  one  hour's 
exposure. 

22.  Under  the  influence  of  the  prismatic  spectrum,  two  very 
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decided  colours  are  produced  on  the  pure  chloride  of  silver, — 
a  blue  or  fine  rich  lead  colour,  by  the  space  between  the  most 
refrangible  green,  and  the  extreme  edge  of  the  violet  rays,  be- 
yond which  for  some  distance  the  same  colour  is  produced, 
but  gradually  lowered,  until  it  becomes  a  mere  tint  of  a  lilac 
hue,  at  a  distance  beyond  the  visible  spectrum,  equal  to  about 
one-third  its  length.  Now,  supposing  we  divide  the  visible 
group  of  rays  into  100  parts,  this  tinting  goes  on  over  a  space 
equal  in  extent  to  thirty-four  of  such  parts.  Over  the  space 
covered  by  the  ordinary  and  the  extreme  red  rays,  a  very  de- 
cided red  impression  is  slowly  made.  By  combining  the  in- 
fluence of  the  red  and  the  blue  rays,  the  chloride  with  tole- 
rable quickness  becomes  of  a  fine  brown  colour.  I  find  it 
would  be  quite  practicable  to  arrange  a  scale  of  colours  with 
which  the  actinized  chloride  of  silver  might  be  compared,  and 
thus  enable  us  to  ascertain  with  tolerable  correctness  the  re- 
lative quantities  of  heat  and  chemical  power  existing  in  the 
solar  rays  at  any  time.  By  means  of  an  arrangement  similar 
to  that  used  by  Mr.  Shaw  and  Dr.  Percy,  by  which  the  chlo- 
ride is  restored,  after  darkening,  to  its  original  condition  by 
the  action  of  chlorine,  a  very  accurate  and  interesting  series 
of  observations  might  be  made*. 

23.  As  it  appeared  probable  that  artificial  heat  would  pro- 
duce similar  effects  to  those  described  as  the  result  of  expo- 
sing chloride  of  silver  to  the  thermic  rays,  many  experiments 
were  made  with  this  view.  In  no  instance  however  would  ar- 
tificial heat  directly  applied  or  reflected  from  a  metallic  sur- 
face produce  any  change  in  the  colour  of  the  chloride  of  silver, 
short  of  the  point  at  which  it  is  converted  into  horn  silver, 
and  then  the  colour  is  but  very  slightly  altered ;  and  even  if 
the  heat  is  incautiously  allowed  to  become  too  great,  it  only 
passes  into  a  lead  colour,  this  change  arising  from  the  reduc- 
tion of  some  portions  of  the  chloride  to  the  metallic  state. 
From  this  we  may  infer  that  the  solar  and  terrestrial  heat  have 
properties  distinct  from  each  other,  or  perhaps  that  solnr  heat 
has,  of  itself,  in  its  ordinary  state,  no  particular  power  in  pro- 
ducing a  change  in  the  chemical  condition  of  bodies,  but  that 
it  modifies  the  action  of  actinic  force,  in  a  similar  manner  to 
which  iiglit  has  been  shown  to  do  so  (sec  the  published  experi- 
ments ot  Hcrschelf,  Bcc(|uercl|,  Draper  and  the  author^). 

24-.  Mr.  Fox  Talbot,  and,  following  him,  most  other  inqui- 
rers, have  stated  that  in  the  preparation  of  the  ordinary  chlo- 
ridated  photograj^hic  piipers,  it  was  necessary,  to  ensure  sensi- 
bility to  solar  action,  that  the  chloride  of  silver  should  have 

*  I'hilonopliicul  Mngiixinc,  vol.  xxv.  p.  450. 

t  I'liiloHopliicnl  TrunMictiom,  1841.  J  Annalct  de  Chimie,  1843. 

S  Philuwphicul  Mngiuinu  fur  1840,  1842,  184.%  1844  mid  1846. 
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some  free  nitrate  of  silver  in  mixture  with  it.  It  was  import- 
ant to  ascertain,  if  possible,  the  cause  of  this.  Three  pieces 
of  glass  covered  with  films  of  chloride  of  silver,  by  subsidence, 
in  the  manner  recommended  by  Sir  John  Herschel,  were  se- 
lected; one  was  exposed  quite  dry,  another  moistened  with 
distilled  water,  and  the  third  with  a  solution  of  nitrate  of  silver. 
The  action  was  most  rapid  on  that  wetted  with  the  nitrated 
solution,  the  next  in  order  was  the  moist  one.  In  an  hour 
they  were  however  darkened  to  as  nearly  as  possible  the  same 
shade  of  colour. 

25.  The  glass  plate  over  which  the  wash  of  nitrate  of  silver 
had  been  applied,  was  soaked  in  distilled  water  to  remove  any 
of  that  salt  that  might  remain  undecomposed.  The  three 
pieces  of  glass  with  their  darkened  films  were  then  boiled  se- 
parately in  nitric  acid  diluted  with  double  its  quantity  of  water. 
The  colours  of  the  plates  were  but  very  slightly  changed. 
The  liquids  were  then  examined  for  silver,  and  in  that  alone 
in  which  the  plate  on  which  the  nitrate  had  been  spread  had 
been,  was  any  detected.  It  was  evident  that  the  nitric  acid 
had  either  dissolved  off  oxide  of  silver,  or  oxidized  metallic 
silver  and  then  dissolved  it.  The  films  on  the  other  plates 
were  not  changed  in  colour  by  the  application  of  either  am- 
monia or  hyposulphite  of  soda. 

26.  Three  similar  plates  of  glass  covered  with  films  of  chlo- 
ride of  silver  were  placed  in  jars  of  pure  hydrogen  and  nitro- 
gen gases  and  in  atmospheric  air,  and  then  exposed  to  bright 
diffused  daylight.  The  object  of  this  was  to  ascertain  if  the 
nitrogen  of  the  acid,  or  the  hydrogen  of  the  water,  were  likely 
to  assist  the  change  in  any  way.  The  chloride  in  the  nitro- 
gen and  the  atmospheric  air  darkened  equally  in  equal  times. 
The  first  action  of  the  hydrogen  on  the  chloride  of  silver  was 
to  reduce  it  to  the  state  of  metal  over  the  surface.  But  as  soon 
as  the  chloride  began  to  darken,  this  bright  metallic  film  was 
removed,  and  the  whole  darkened  equally,  but  to  a  deeper 
tint  than  either  of  the  others.  These  plates,  as  in  the  former 
case,  were  boiled  in  diluted  acid,  from  which  experiment  I  as- 
certained that  the  hydrogen  plate  alone  gave  any  evidence  of 
the  presence  of  oxide  of  silver  or  revived  metal. 

27.  It  may  appear  that  this  metal  was  produced  by  the  hy- 
drogen independent  of  the  actinic  power,  but  I  find  when 
chloride  of  silver  is  plunged  into  hydrogen  gas  in  bright  sun- 
shine, that  no  reduction  of  the  chloride  due  directly  to  the 
hydrogen  takes  place,  yet  most  distinct  evidence  of  the  pre- 
sence of  metallic  silver  after  darkening  has  been  obtained. 
We  thus  learn  that  the  advantage  of  the  nitrate  of  silver  over 
the  chloride  is,  that  it  is  more  readily  reduced  to  the  metallic 
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state  (17.)  than  the  chloride;  and  that  the  well-known  acce- 
lerating power  of  moisture  is  due  to  the  decomposition  of 
water,  and  the  influence  of  the  nascent  hydrogen,  in  reducing 
the  argentine  salt. 

28.  The  principal  point  was  now  to  ascertain  the  condition 
of  the  chloride  of  silver  after  it  had  been  thoroughly  darkened 
by  exposure.  Many  experiments  were  tried,  in  various  ways, 
which  need  not  now  be  detailed,  as  they  were  in  varying  de- 
grees successful ;  to  one  alone  which  gave  very  satisfactory 
results  I  shall  at  present  confine  myself.  Pure  chloride  of 
silver  was  prepared  with  great  care,  as  before  stated  (21.),  well- 
washed  with  boiling  distilled  water,  until  neither  nitrate  of 
silver  nor  muriatic  acid  produced  any  precipitate,  and  then 
dried.  Five  grains  of  the  salt  were  put  into  a  long  test-tube 
full  of  distilled  water,  and  placed  in  the  sunshine  to  darken, 
the  powder  being  frequently  moved  that  every  part  might  be 
acted  upon  by  the  sun's  rays.  It  was  found,  even  after  an 
exposure  of  a  few  minutes,  that  the  water  contained  chlorine; 
it  (jecame  opake  on  the  addition  of  nitrate  of  silver,  and  this 
very  gradually  increased  as  the  chloride  darkened.  The 
darkening  was  continued  for  several  hours,  after  which  the 
solution  was  filtered  to  free  it  from  chloride  of  silver,  and 
nitrate  of  silver  added  to  the  filtered  fluid ;  chloride  of  silver 
was  precipitated,  which,  when  collected  and  dried,  weighed 
1'4  grain  on  one  occasion,  1  grain  on  another,  and  1*5  grain 
on  a  third  trial.  It  is  very  difficult  to  ensure  the  darkening 
of  every  portion  of  the  chloride  of  silver,  it  adheres  in  little 
masses ;  these  are  darkened  on  their  outer  surface,  and  the  in- 
terior is  then  protected  from  the  solar  influence;  this  was  over- 
come as  much  as  possible  by  repeatedly  breaking  down  those 
small  particles  with  a  glass  rod.  On  drying  the  darkened 
chloride  and  weighing,  it  was  found  that  the  loss  of  weight 
was  scarcely  a  quarter  of  a  grain.  From  this  it  is  evident  that 
the  chlorine  liberated  by  the  sun's  rays  must  have  been  partly 
replaced  by  some  other  body ;  and  it  becomes  highly  probable 
that  the  darkened  chloride  is  in  the  state  of  an  oxychloride. 
No  oxide  of  silver  could  be  detected  by  digestion  in  diluted 
nitric  acid. 

29.  The  exposure  in  tiie  water  was  in  another  cnse  conti- 
nued for  many  days,  but  no  greater  degree  of  darkening  oc- 
curred ;  but  a  curious  fact  was  now  noticed.  It  was  found  djat 
during  the  night  nearly  all  the  chlorine  which  had  been  libe- 
rated during  the  day  was  recombined,  and  that  the  darkened 
powdir  became  much  lighter.  A  similar  eflect  to  this,  but  a 
more  striking  one,  has  been  noticed  by  Dr.  Percy  and  Mr. 
8haw,  when  chloride  of  silver  is  darkened  by  light  in  an  at- 
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mosphere  of  chlorine.  Some  other  salts  of  silver  exhibit  this 
curious  phaenomenon  in  a  striking  manner,  as  will  be  shown 
in  future  communications. 

30.  Pure  chloride  of  silver  was  dried  on  a  glass  plate  and 
heated  nearly  to  the  point  of  fusion  ;  it  was  then  placed  in  an 
atmosphere  of  chlorine  and  darkened  in  very  bright  sunshine. 
No  loss  of  weight  could  be  detected  by  the  most  careful  ma- 
nipulation and  with  a  very  delicate  balance.  There  is  no  very 
satisfactory  way  of  explaining  this,  except  we  suppose  that  the 
liberated  chlorine  is  retained  by  cohesive  force  in  connection 
with  the  finely  divided  particles  of  what  we  must  regard  as  a 
subchloride  of  silver,  unless  we  return  to  the  old  theory  of 
the  compound  nature  of  chlorine. 

31.  In  these  experiments  the  presence  of  organic  matter  has 
been  carefully  avoided.  It  now  became  necessary  to  inquire 
into  the  condition  of  the  chloride  of  silver  darkening  by  the 
solar  rays  on  paper.  Bath  post  paper,  highly  glaxed,  was  co- 
vered with  chloride  of  silver  in  the  usual  way,  all  free  nitrate 
of  silver  being  washed  offl  The  prepared  paper  was  then  ex- 
posed to  light  for  forty-eight  hours,  in  which  time  it  darkened 
and  became  of  a  fine  olive-brown.  The  paper  was  now  cut  in 
pieces ;  some  parts  were  immersed  in  very  dilute  nitric  acid, 
which  produced  no  change;  others  in  ammonia,  which  had 
not  the  slightest  effect  upon  them  ;  therefore  it  was  evident  that 
no  oxide  of  silver  was  present.  On  putting  fragments  of  the 
paper  into  nitric  acid  diluted  with  equal  parts  of  water,  all  the 
darkened  portion  was  rapidly  dissolved  off,  and  the  paper  was 
left  of  a  lilac  colour.  Hence  we  have  very  satisfactory  proof 
that  metallic  silver  is  eventually  formed  on  the  surface  of  the 
chloridated  photographic  papers,  and  that  the  under  sensitive 
surface  is  preserved  in  the  condition  of  a  subchloride  of  silver 
by  the  opacity  of  the  superficial  coat. 

32.  From  other  experiments  which  do  not  properly  belong 
to  this  paper,  I  am  inclined  to  believe  that  the  first  action  of 
the  solar  rays  (I  avoid  using  the  term  light,  considering  these 
phaenomena  as  the  result  of  a  modified  principle)  is  to  liberate 
one- half  of  the  combined  chlorine,  which  is  very  readily, 
moisture  being  present,  replaced  by  oxygen.  By  the  conti- 
nued action  of  the  exciting  cause,  the  other  proportional  of 
the  combined  gaseous  element  is  in  like  manner  set  free  and 
replaced.  We  have  seen  (3,  4,  5,  &c.)  that  oxide  of  silver  is 
in  a  short  time  decomposed  under  Actinic  power,  and  hence 
we  have  eventually,  nearly  pure  metallic  silver  in  a  state  of 
extremely  fine  division.  It  will  be  seen  that  organic  matter 
plays  an  equally  important  part  with  the  chloride  of  silver  as 
it  does  with  the  nitrate  of  that  metal  when  under  the  influence 
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of  that  mysterious  power  which  appears  to  emanate  from  the 
solar  orb. 

33.  Admitting  the  imperfect  character  of  the  results  which 
I  have  endeavoured  to  record  as  faithfully  as  possible,  I  can- 
not but  regard  them  as  important,  and  they  appear  to  point  to 
some  general  law,  which  is  probably  applicable  to  those  phae-' 
nomena  which  Moser  has  described,  and  which  are  in  all  pro- 
bability acting  a  grand  part  in  the  mutations  of  the  universe. 
The  same  power  which  we  detect  changing  the  film  of  chloride 
of  silver  on  the  photographic  paper,  has  been  in  action  for 
countless  ages  on  the  earth's  surface ;  and  by  pursuing  with 
due  care  the  investigation,  we  may  be  enabled  to  proceed, 
step  by  step,  into  the  great  laboratory  of  nature,  and  discover 
the  various  causes  which  have  been  in  operation  on  the  con- 
solidated masses  of  this  globe,  and  which  are  producing  mul- 
tifarious chemical  changes,  to  the  excitation  of  which  are  due 
the  great  magnetic  phaenomena  which  are  exciting  so  much 
the  attention  of  philosophers. 

September  11,  1845. 


XLIII.  Proof  of  Fermat's  Undemonstrated  Theorem,  that 
jfi  ^  yi  _  2«  is  only  possible  in  lahole  mimhers  when  w  =  1 
or  2.     %  S.  M.  Drach,  Esq.^  F.R.A.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Jourjial. 
Gentlemen, 

VVf  E  may  evidently  regard  x,  y  and  z  as  mutually  prime, 
^^       for  a  divisor  common  to  two  must  enter  the  third,  if 
an  integer  solution  be  possible,  .*.  two  are  odd  and  one  even. 

Case  1 .     «  =  2  w  +  1 . 

By  the  rules  of  this  analysis  (Euler's  Algebra,  pt.  2.  cli.  xii.), 
it  appears  that  if 

Z  =  a-r  +  S  ("•<"~'^8:."~""^'  =  A,)  ?•-"?"«"-'-'. 

and 

y_.c«5^+  SA<g*-«'i:;'"c'"-'rt', 

that  a  Z«  -  c  Y«  =  {ap^  ^cq'Y . 

Put  therefore  a=z,  Z=s'»,  c=j/,  Ysj/"*  ,\x-zp^^cq\ 

and  a*"  =  2*"  />»"  4-  2  Aip""-^^  y"'  «'"-'y,  or 


=r(i  +  -SA,(^|y); 
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similarly,  the  equation  in  Y  gives 

i  =  r(i  +  2A.(g)'). 

If  w  =  1,2?  =  1  =  g;  if  n>  1,  Ai>  1,  and  as  x  is  positive, 
•p^z^  q^y ;  therefore  ^^  is  multiplied  by  a  series  of  positive 
terms  =  2  A;  x  a  quantity  less  than  unity ;  whilst  the  factor  of 
f    (7«  is  similar,  but  =  S  A^  x  quantity  >  1,  .'.p"  >  2-",  in  order 
that  the  respective  products  shall  =  1. 

Combining  the  last  found  equations,  we  obtain  by  the  bi- 
nomial expansion, 

n  _  

2z^=:{pVz  -{■  q  \^yf  +  {p  Vz—q  Vj/VS 

n  _ 

2iJ^  ={p\^z+q s/yY  -  {p sfz-q ^yY \ 
whence 


^  U^  +3/"^ "  -  z^ -yT)  =  ^^  +i^T  +  5^'  +  yT ; 

the  diflFerence  of  these  quantities  is  therefore  zero.  But  put- 
ting the  coefficient  of  the  i\h.  term  in  the  binomial  develop- 
ment =  B„  so  that 

_  /  1     \  —  n   \—2n   l+4w  — 2?'y?   1  +3n  —  2in_  „     \ 
'  ~  Vn'   In  '     Sn         2in—  3n         2in  —  2n    ""     '~v 

l^2i  —  2.n   \—2i  —  l.n 
2i7i  —  n  2  in 

the  difference  is  expressible  by 

\  q\%/  2  2tn+nJ  \z/ 
When  72  =  1 ,  ^ = g',  n  —  1  =  0,  the  equation  is  satisfied ;  when 
n  exceeds  unity,  we  have  1  —  2  z  n  =  a  negative  quantity,  and 
consequently  the  factor  within  (  )  is  positive,  as  is  also 
{y  -^  zY'';  but  then  B,  =  B,_,  x  the  product  of  two  negative 
fractions,  and  is  consequently  of  the  same  sign  as  B,_i  or 
B,_2 ...  or  Bj,  but  Bi  is  negative,  .*.  0  =  a  series  of  exclusively 
negative  quantities,  which  is  impossible,  unless  a  factor  com- 
mon to  all  =  0,  which  is  here  1  —  w,  as  the  case  of  3/  =  0  is  of 
course  excepted.  Consequently  n=  1  is  the  only  odd  possible 
value  of  this  exponent. 

Case  2.     n  =  2 ;»,  or  ^♦^  =  z"*"  —  y". 

As  the  sum  of  two  squares  is  never  of  the  form  4  ?  +  2  or 
4  ?  +  3,  it  follows  that  x  must  be  even  and  y  odd ;  also  z  is 
odd.  Moreover,  m  must  be  odd,  as  we  know  that  the  sum  of 
two  biquadrates  cannot  be  a  square,  much  less  a  biquadrate 
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(unless  in  the  excepted  case  of  y  =  0).  Put  therefore  by  the 
ordinary  rule,  x  =  2pq,  z  ■=  p^  +  q^,  y  ■=  p^  —  (f-.  Hence 
p  and  q  are  prime  to  each  other,  and 


f  _Zrnj^ym  ^                 2ym 

z+y  z"'-^— t/z'"-2+ . 

.,y^- 

{m  odd  terms) 

~"  z—y'z"^-^  +ysi^-^  + 

..y«- 

'  {m  odd  terms) 

The  second  fraction  is  not  divisible  by  {%  —  y)-^{z  ■\-  y)  for 
the  remains  y""^  ^  (2  +  y),  which  is  not  an  integer.  Like- 
wise 

p^_(z+yY  z''*-^—2yz"'-^+  ..  +'m^y'^-^+{my'"-^-^z+y)^ 
qi—\z—y)  \m~2^2y2'^-^+  +m—ly'"-^+{2—m.y'"-^-i-z—yy 

and  as  ;::  +  y  is  even  whilst  m  and  w—  2  are  odd,  there  would 
still  remain  a  fractional  5.  Further,  if  z  +3/  =  4/,  ^  +  j/  is  of 
the  form  47  +  2,  so  that  one  term  will  have  ^  and  the  other  | 
for  a  remainder. 

Hence,  as  p'^  q-^  =  a  quantity  -^  by  (z  +y)  -^  {z—y)  to  the 
first  power  only,  it  follows  that  {s+y)  -h  (z—y),  or  their  pro- 
duct z^—y^y  must  be  a  square.  Putting  therefore  z  =  r^  -f  s^, 
y  =  r^-  s\ 

(  z  Y»  _  /rMjS^Y"  _  j9«+g^ 

But  Pf  q  are  real  and  prime  to  each  other,  so  are  r  and  .<?, 
.*.  as  we  cannot  suppose /;^  —  <7^=(r^  +  s^)~'"  without  introdu- 
cing the  imaginary  sign  of  -/  — 1  in  the  factorial  result, 
p'^~q^  =  (r^  —  s^Y,  .-.p  +  <7  =  (r  ±  5)'",  and  j9  -  <7=  (r  +  s)"\ 
Hence 

r""  4-  2ot. 


P*  +  !?'  =  4-  (^-  +  «)'""  +  4  ('"-  *)""  =  ('*'  +  '*)'"» 


or 

2       '^        ' 
2m.2wi  —  1..2m  —  2i  +  1 


1  . 2 . .  2 » 


^m-ai  ^li  .,-1-52 


1  •  «  •  •  f 

Selling  out  from  cither  end,  the  extreme  qunntilies  are 
equal,  and  have  the  same  coeflicienl,  unity ;  but  ihe  upper  co- 
efttcient  afterwards  more  and  njorc  exceeds  the  corresponiling 
under  one,  for  at  tiic  uh  term  they  ccjual  their  immediate  pre- 
decessors multiplied  by 
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2 m  —  2 ?  +  2  2vi  —  2i  +  l  _  m  —  i+\  /    2m    _    \ 

2/ —  1      •  2?  ~"  «  \2  2  — 1         / 

,?«  —  /+! 

and : . 

t 

Now  m  equals  or  exceeds  2  /  —  1,  .*.  the  former  fraction  is  to 
the  latter  always  in  the  proportion  of  1  +  a:  1,  «  being  posi- 
tive ;  consequently  the  upper  coefficient  is  continually  greater 
than  the  under  one,  as  far  as  the  mid-term,  when  the  inverse 
march  begins,  but  the  upper  one  still  retaining  its  greater 
magnitude.  Hence  the  difference,  which  ought  to  be  zero,  is 
the  sum  of  positive  multiples  of  real  squares^  a  series  which 
cannot  =  0,  unless  a  common  factor  in  the  coefficient  va- 
nishes; the  one  for  i=\  is  2  7«  (2m  —  1)  =2?^,  whence  m  =  0 
or  1,  and  as  m  (m  —  1)  enters  all  the  terms,  these  are  the  only 
possible  values  (the  case  of  r  or  5  =  0  is  of  course  excepted). 
But  m  cannot  =  0,  for  then  x^  +  y^=^sfi  .*.  m=  1  orn  =  2  is  the 
only  possible  even  value  of  the  exponent. 

Hence  I  consider  Fermat's  proposition  to  be  correct. 

London,  August  18,  1845.  S.  M.  DracH. 

[In  publishing  this  asserted  proof  of  Fermat's  theorem,  we  are  actuated 
by  a  hope  that,  even  should  it  be  found  unsatisfactory,  the  method  may 
contain  useful  suggestions. — Ed.  Phil.  Mag.] 

XLI V.  On  an  (Economical  Method  of  procuring  Phosphate  of 
Lime  and  Magnesia  from  Urine  for  Agricultural  Purposes. 
By  John  Stenhouse,  Ph.D.* 

THERE  are  few  points  in  agricultural  chemistry  which  are 
at  present  believed  to  be  so  fully  established,  as  that  the 
earthy  and  alkaline  phosphates  are  indispensable  to  the  perfect 
development  of  those  plants  and  seeds  which  constitute  the 
food  of  man  and  of  the  inferior  animals.  This  consideration 
has  led  to  many  attempts  to  procure  more  abundant  supplies 
of  phosphoric  acid,  as  a  deficiency  of  that  element,  it  is  evi- 
dent, must  ever  present  a  serious  impediment  to  the  progress 
of  agricultural  improvement.  The  chief  sources  from  which 
phosphoric  acid  has  been  hitherto  obtained,  have  been  bones, 
guano,  and  the  urine  of  men  and  animals.  The  usual  ways 
of  employing  urine  have  been,  either  to  apply  it  directly  to  the 
fields  in  its  liquid  state,  or  by  neuti'alizing  it  with  sulphuric 
acid,  and  evaporating  it  to  dryness,  till  it  forms  a  mass  of  salts, 
which  renders  it  easily  transportable.  In  the  liquid  state,  from 
its  great  bulk,  urine  is  an  inconvenient  article  to  collect  and 

*  Communicated  by  the  Author. 
Phil.  Mag.  S.  3.  Vol.  27.  No.  180.  October  1845.         U 
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transport  to  any  distance,  and  any  attempt  to  reduce  it  to  the 
solid  state  by  evaporation,  involves  so  large  an  expense  for 
fuel  as  to  render  it  in  most  cases  quite  unadvisable. 

The  method  by  which  I  purpose  to  procure  phosphoric 
acid  from  urine  is  not  by  evaporation,  but  by  precipitating  it 
in  the  state  of  the  insoluble  phosphate  of  lime  or  bone-earth. 
This  is  easily  and  cheaply  effected,  by  merely  adding  a  slight 
excess  of  lime-water,  or  still  better,  of  milk  of  lime,  to  the 
urine  so  long  as  it  causes  a  precipitate.  This  precipitate, 
when  produced  by  means  of  lime-water,  has  a  bulky  gelati- 
nous appearance,  very  much  resembling  alumina,  and,  as  will 
be  seen  by  the  subjoined  analysis,  consists  of  basic  phosphate 
of  lime  with  a  little  magnesia  and  some  organic  matter.  After 
standing  for  some  hours,  the  precipitate  subsides  pretty  readily, 
and  the  greater  portion  of  the  supernatant  water  may  be  easily 
drawn  off  by  a  siphon.  The  remainder  may  then  be  removed 
by  collecting  the  precipitate  on  any  suitable  filtering  appara- 
tus. On  drying  the  precipitate,  which,  as  we  have  already 
mentioned,  is  very  voluminous,  it  shrinks  exceedingly.  For 
the  purpose  of  obtaining  this  precipitate,  it  is  by  no  means 
necessary  that  the  urine  should  be  in  a  concentrated  state ;  I 
have  been  able  to  procure  it  quite  readily  from  urine  diluted 
with  ten  times,  or  even  more,  of  its  weight  of  water.  It  is  in 
this  circumstance  that  the  chief  advantage  of  the  proposed 
method  consists,  as  urine  can  thus  be  made  available  as  a 
source  of  phosphoric  acid,  even  in  the  very  diluted  state  in 
which  it  usually  passes  into  the  common  sewers,  when  it  has 
hitherto  been  regarded  as  unfit  for  any  useful  purpose.  When 
the  precipitate  is  destructively  heated,  it  blackens,  owing  to 
the  considerable  quantity  of  organic  matter  it  contains;  and 
it  emits  at  the  same  time  a  disagreeable  ammoniacal  smell,  so 
that  it  is  by  no  means  destitute  of  nitrogen.  The  organic 
matter  I  believe  to  consist  chiefly  of  mucus  which  has  been 
carried  down  by  the  lime.  A  quantity  of  this  precipitate  dried 
at  a  12'^  F.  was  subjected  to  analysis.     It  gave — 

Lime 44'96 

Magnesia 1  '32 

Piiosphoric  acid 40*18 

Loss  by  ignition,  organic  matter  and  water     l.S'54- 

100*00 

As  I  have  already  mentioned,  the  precipitate  when  heated 
to  212"  F.  gives  off  an  ammoniacal  smell,  and  consc(]uenlly, 
when  it  is  meant  to  be  employed  as  a  manure,  should  be  dried 
nt  a  very  gentle  heat.  The  quantity  of  nitrogen  contained 
in  ihe  precipitate,  when  dried  at  an  ordinary  temperature,  was 
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more  than  I  expected.  One  portion  dried  in  this  way  gave 
by  Will's  method  1*91  per  cent,  nitrogen,  or  nearly  two  per 
cent.;  a  second  quantity,  dried  at  212°  F.,  gave  only  0*88  ni- 
trogen. Another  portion,  air-dried,  when  heated  to  redness, 
gave  only  41'19  per  cent,  of  fixed  residue. 

One  pound  of  urine  precipitated  with  lime-water  gave,  when 
heated  to  redness,  19*92  grains  of  phosphate  of  lime  and  mag- 
nesia. A  second  pound  of  more  highly  concentrated  urine, 
similarly  treated,  gave  32*38  grs.  of  the  same  substances.  Both 
quantities  were  urine  in  its  natural  state.  It  is  clear  that  these 
results  can  only  be  regarded  as  approximative,  as  urine  varies 
so  much  in  concentration  in  every  individual,  according  to  the 
circumstances  in  which  it  is  produced. 

The  amount  of  phosphate  of  lime  obtained  from  a  pound 
of  urine  is,  it  must  be  confessed,  by  no  means  considerable. 
When  we  reflect,  however,  what  an  immense  quantity  of  di- 
lute urine  may  be  readily  obtained  from  the  common  sewers 
of  some  of  our  large  towns,  it  is  clear  that  this  is  a  source 
which  might  be  made  to  furnish  the  fields  with  large  quanti- 
ties of  the  phosphates  which  are  at  present  passing  into  the 
rivers,  and  which  thus,  for  a  long  time  at  least,  remain  un- 
availing for  agricultural  purposes.  In  conclusion,  I  shall 
shortly  describe  the  way  in  which  I  believe  the  operation  of 
precipitating  the  phosphates  may  be  most  conveniently  con- 
ducted on  a  large  scale.  The  urine,  in  the  state  in  which  it 
passes  into  the  sewers,  may  be  collected  in  any  suitable  pond 
or  tank,  and  the  lime-water,  or  what  is  still  better,  the  milk  of 
lime,  may  be  prepared  in  a  second  tank  of  much  smaller  di- 
mensions situated  on  a  higher  level.  The  milk  of  lime  should 
then  be  run  into  the  first  tank  containing  the  urine,  and  the 
liquids  well-mixed  by  agitation  so  long  as  a  precipitate  falls. 
I  greatly  prefer  employing  a  slight  or  even  a  considerable  ex- 
cess of  milk  of  lime,  rather  than  lime-water;  for  though  the 
phosphoric  acid  in  the  urine  is  completely  precipitated  by 
either  reagent,  lime-water  produces  a  gelatinous  precipitate 
which  does  not  subside  so  readily  and  is  difficult  to  filter, 
while  milk  of  lime  throws  down  a  flocculent  precipitate  which 
is  much  more  manageable.  When  the  mixture  of  the  lime 
and  urine  has  been  left  to  repose  for  some  hours,  the  precipi- 
tate subsides  pretty  fully,  so  that  three-fourths  of  the  water 
may  be  readily  drawn  off'  by  means  of  a  siphon.  By  remo- 
ving a  plug  at  the  bottom  of  the  tank,  the  remainder  of  the 
water  may  be  run  off"  through  any  suitably  constructed  filter- 
ing apparatus,  and  the  phosphate  of  lime  and  magnesia  ob- 
tained as  a  bulky  gelatinous  mud. 

The  mass  may  be  rendered  perfectly  dry,  either  by  exposing 

U2 
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it  in  shallow  vessels  to  the  rays  of  the  sun,  or  to  a  current  of  dry 
or  hot  air.  When  dry  it  forms  a  friable  mass,  which,  when 
slightly  rubbed,  crumbles  into  a  very  fine  powder.  The  quan- 
tity of  lime  required  to  precipitate  the  phosphoric  acid  from 
urine  is  by  no  means  great,  and  the  only  difficulty  experienced 
in  the  whole  process  is  in  the  filtration,  which  proceeds  much 
more  slowly  than  could  be  wished,  though  I  have  no  doubt 
that  a  little  practice  would  suggest  the  means  of  greatly  dimi- 
nishing, if  not  of  wholly  obviating  this  impediment. 
Glasgow,  August  26,  1845. 

P.S.  Since  the  above  was  written,  I  have  ascertained  that 
the  difficulty  in  filtering  and  drying  the  precipitate,  to  which 
reference  has  more  than  once  been  made,  may  be  greatly  obvi- 
ated by  intimately  mixing  a  small  quantity  of  finely-powdered 
wood-charcoal  with  the  precipitate,  after  the  great  bulk  of  the 
water  has  been  drawn  off  by  means  of  a  siphon  or  otherwise. 
The  quantity  of  charcoal  which  is  necessary  for  this  purpose, 
is  by  no  means  considerable ;  it  has  the  effect  of  rendering  the 
precipitate  tolerably  porous,  and  thus  greatly  facilitating  its 
being  filtered  and  dried.  If  the  charcoal-powder,  before  being 
mixed  with  the  precipitate,  has  had  a  considerable  quantity  of 
putrid  urine  filtered  through  it,  it  becomes  strongly  charged 
with  ammonia,  and  is  thus  rendered  much  more  valuable  as  a 
manure.  The  urine  which  has  been  used  to  impregnate  the 
charcoal  can,  of  course,  be  run  into  the  tank,  and  the  phos- 
phoric acid  it  contains  be  precipitated  with  lime  in  the  way 
already  described.  J.  S. 

XLV.  Supplementmy  Remarks  on  Eliminationy  and  on  the 
Theory  of  Equations.  By  James  Cockle,  M.A.,  of  Trinity 
College,  Cambridge ;  Special  Pleader^. 

5.  TN  the  development  ofy'^(10.)tj  let  the  coefficient  of 
A     ZpZffZrhe  denoted  by  {pqr)^  with  the  exception  of 
that  of  r*,  which  we  shall  represent  by  a,,  and  let 

rp.,  =  a,{lpq)--^{l^p){l*q),    ....     (11.) 

rp,,.r  =  a,^{pqr)-^(l^p){l^q){\^r),     .     .     (12.) 

subject  to  tlie  condition  that,  when  in  of  the  (juantities  ;;,  </,  r 
become  equal,  the  last  terms  of  (11.)  and  (12.)  are  to  be  di- 
vided by  m  (m—  1 ) . .  2 . 1)  then,  if 

•  C!otiiiniinii'nted  by  T.  S.  Davic^,  Es(|.,  K.R.S.,  F.S.A.,  &c. 

t  bcc  my  i>H|)cr  in  lliin  (August)  Number  of  the  I'hil.  Mug.  p.  ISO, lino  3. 
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«iy'(10.)  =  V  +  «i^i/'(9-)+/n9.),     .     .     (13.) 
we  have 

/2(9.)=S(r^,,;2p2,), (14.) 

and  /^(9.)  =S  ('>.?,  r^p«r/J?fr).        ....      (15.) 

6.  Next,  suppose  J^  to  be  free  from  z^^  ^2»  •  •  ^r-\')  then  it 
is  allowable  at  line  9  of  p.  126  of  my  last  paper,  to  change 
the  suffixes  of  J  from  9,  8,  7,  6,  into  2,  4,  6,  8,  respectively, 
for  we  may  group  as  we  please  the  squares  into  which  f^  (9.) 
is  decomposed.     This  gives  us  after  reduction  Jg"^^^  = 

0  =  72^2  +  73^3+  —   +79^9  +  70'      •       •       •       (16.) 

where  72=—  ^^2% (1*7.) 

""<•  ra  =  i-^^-\/^a=-i.^.     .    .     (18.) 

and  if  S,  e,  ^,  >j  be  the  coefficients,  taken  in  the  usual  order,  of 
the  terms  which  (after  substituting  for  ^3  in/^(9.)  its  value 
derived  from  (16.))  contain  z^^  then,  a^  being  the  coefficient 
of  z,^  in  the  result, 

73         ^73/  ^73^ 

The  above  is  general,  whatever  be  the  value  or  form  of 
y^(lO.),  and  is  applicable  to  the  annihilation  of  the  2nd,  4th 
and  6th  terms  of  the  equation  of  the  6th  degree ;  but,  in  case 
the  order  in  which  the  squares  into  which  /^(9.)  is  decom- 
posed are  to  be  grouped  should  in  any  instance  become  mate- 
rial, the  last  paragraph  will  have  to  be  modified  accordingly. 

7.  {Supplement  to  p.  384  of  the  last  volume.) — l^et  n  =  4, 
and  add  a  term,  N(p(.r''),  to  the  right-hand  side  of  (3.)  ;  then 
a  product  similar  to  (4.)  may  be  obtained  by  means  of  the  prin- 
ciple, that  "<Pp  ^25  •.•<?«-!  being  linear  and  homogeneous 
functions  of  t^  a:^*  Xn,  and  <p'^''^  denoting  the  result  of  substi- 
tuting x^^'^  for  X  m  (p',  then,  when  tt  is  composed  of  symmetric 
functions  of  .r,  &c.,  tt^' (=S{(piip2' • 'P'n-2f"H-i})  consists  of 
symmetric  functions  of  a:, . .  o^i . . .  .r''„ : "  so  that,  when  a;"  =  ^, 
TT^^  =  7r".  By  means  of  the  obvious  extensions  of  this  principle, 
v/hich  is  a  branch  of  one  of  numerous  classes  of  the  same  kind 
as  that  used  in  paragraph  3,  we  may  add  to  (3.)  as  many  terms 
as  we  please,  for  any  values  of  n.  These  remarks  are  made 
with  reference  to  paragraphs  5  and  6.  It  is  possible  that 
in  all  these  investigations  we  may  be  able  to  derive  some  aid 
from  the  quaternion  theory,  a  different  distribution  of  a,  &c. ; 
and  it  will  be  borne  in  mind  that  a  want  of  symmetry  in  the 
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coefficients  of  an  equation  sometimes  disappears  in  its  roots,  as 
is  the  case  with  the  equation 

which  has  one  root  symmetric  with  respect  to  y. 

Birchington,  near  Margate, 
August  29,  1845. 


XLVI.    On  the  Action  of  Bleaching  Ponder  on  the  Salts  of 
Copper  and  Lead.     By  Walter  Crum,  Esq.,  F.R.SJ^ 

IN  February  \SV5  I  read  to  the  Philosophical  Society  of 
Glasgow  an  account  of  a  rose-coloured  oxide  of  copper 
which  I  had  obtained  by  the  action  of  bleaching  powder  and 
lime  upon  nitrate  of  copper.  Although  I  had  then  made 
numerous  analyses  of  this  substance,  prepared  under  a  variety 
of  circumstances,  I  had  been  unable  to  obtain  from  it  the  full 
amount  of  oxygen  which  a  definite  compound  must  contain, 
and  delayed  therefore  to  make  it  further  known  until  1  should 
have  the  opportunity  of  producing  it  in  a  purer  form.  In 
the  mean  time  the  rose-coloured  substance  was  observed,  and 
correctly  described,  by  Kriiger  of  Berlin,  as  a  combination  of 
the  oxide  of  copper,  or,  as  he  calls  it,  cupric  acid,  with  lime. 
Having  completed  my  experiments  on  this  subject  as  far  as 
my  leisure  will  permit,  I  shall  now  state  the  results  I  have 
obtained. 

When  the  hydrated  oxide  of  copper  is  added  to  a  solution 
of  bleaching  powder  it  changes  colour  and  becomes  brown. 
Oxygen  gas  is  then  plentifully  disengaged,  and  the  efferves- 
cence continues  till  the  whole  of  the  hypochlorite  of  lime  is 
decomposed.  The  brown  precipitate  suffers  no  change  during 
this  decomposition.  When  separated  from  the  soluble  mat- 
ters, it  is  found  to  contain  no  chlorine  and  no  excess  of 
oxygen.  It  is  anhydrous  oxide  of  copper.  Hypochlorite  of 
soda  produces  the  same  effect. 

If  we  add  nitrate  of  copper  to  a  solution  of  bleaching  pow- 
der containing  a  considerable  quantity  of  lime,  and  previously 
cooled  to  below  the  free/ing-point  of  water,  a  bluish-green 
precipitate  is  formed.  When  the  precipitate  subsides,  we 
find  the  solution  of  a  fine  blue  colour  and  containing  copper; 
but  in  what  state  I  have  not  examined.  As  the  heat  advances 
to  the  ordinary  temperature,  the  copper  in  solution,  as  well  as 

•  Communicated  by  the  Chemical  Society;  having  been  read  April  21, 
184£. 
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the  precipitate,  changes  colour,  and  both  at  last  become  an 
insoluble  purplish  black  powder.  Oxygen  gas  is  disengaged 
during  the  latter  part  of  this  process,  and  continues  for  some 
time  to  prevent  the  precipitate  fi'om  subsiding;  but  after 
twenty  or  twenty-four  hours  the  evolution  of  gas  nearly 
ceases,  the  particles  having  united  into  larger  grains  sink 
to  the  bottom  of  the  vessel  into  moderate  bulk,  and  may  then 
readily  be  separated  from  the  soluble  matters,  by  repeated 
mixing  with  cold  lime-water  and  drawing  off  the  clear  liquid 
with  a  syphon.  The  precipitate  thus  obtained  is,  as  I  have 
said,  nearly  black ;  but  by  triturating  upon  a  piece  of  glass 
it  is  seen  that  its  real  colour  is  rose-red. 

Exposed  to  the  action  of  boiling  water  oxygen  gas  is  dis- 
engaged from  this  substance,  and  brown  anhydrous  oxide  of 
copper  is  left  behind.  Acids  dissolve  it,  with  the  liberation 
of  oxygen  gas,  mixed  with  the  carbonic  acid  taken  down  by 
the  lime.  The  solution  in  nitric  acid  gives  no  precipitate 
with  nitrate  of  silver.  Exposed  to  the  air  the  substance  is 
speedily  changed  into  the  green  carbonate.  In  attempting  to 
press  and  then  to  dry  it  in  vacuo  over  sulphuric  acid,  a  large 
proportion  was  changed  into  the  brown  oxide  mixed  with  car- 
bonate. It  can  only  therefore  be  examined  in  the  moist  state 
and  newly  prepared.  I  shall  describe  the  process  by  which 
I  have  obtained  the  best  results. 

Twenty  grains  of  black  oxide  of  copper,  prepared  by  cal- 
cining the  nitrate,  are  dissolved  with  the  assistance  of  heat  in 
70  grs.  of  nitric  acid,  specific  gravity  1*35.  Fifty  grains  of 
fresh  hydrate  of  lime,  sifted  through  fine  calico,  are  mixed 
with  1  lb.  solution  of  bleaching  powder  of  specific  gravity  1*06, 
and  added  to  the  solution  of  copper.  When  the  precipitate 
becomes  granular,  as  already  described,  it  is  quickly  washed, 
and  decanted  until  the  lime  water  comes  off  nearly  pure.  The 
precipitate  is  then  put  into  a  wide  tube  over  mercury,  an  ex- 
cess of  sulphuric  acid  added  to  it;  and,  after  pouring  out  as 
much  as  possible  of  the  solution  which  is  thus  formed,  caustic 
soda  is  added  to  absorb  the  carbonic  acid.  In  six  experi- 
ments made  in  this  way,  20  grs.  of  oxide  of  copper  produced 
a  compound  which  yielded  of  oxygen  gas,  after  the  necessary 
corrections, — 

1-875 

1-886 

1-748 

1-915 

1-795 

1-747 
Mean  .     .     1-828  grain. 
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By  calculation  20  grains  CuO  changed  into  Cug  Og  ought 
to  yield,  by  Berzelius's  numbers,  1*98  grain  of  oxygen.  A 
nearer  approximation  than  in  the  foregoing  results  is  scarcely 
to  be  expected ;  for  although  there  was  no  perceptible  dis- 
engagement of  gas  during  the  washing  of  the  precipitate  in 
these  experiments,  it  is  certain  that  oxygen  always  escapes 
during  the  time  so  employed. 

The  quantity  of  lime  necessary  to  the  production  and  sta- 
bility of  this  oxide  is  not  more  than  1  equivalent  after  satura- 
tion of  the  nitric  acid  :  1  atom  of  lime  to  3  of  copper  gave 
only  0  558  gr.  of  oxygen  gas  instead  of  the  mean  quantity 
of  1*828  ;  2  atoms  to  3  of  copper  yielded  1'295.  1  conceive 
the  rose-coloured  powder  then  to  be  a  compound  of  an  oxide 
of  copper  with  lime,  in  which  the  copper  exists  in  the  state  of 
sesquioxide,  Cu2  Og. 

I  have  not  succeeded  in  producing  this  oxide  by  means  of 
the  hypochlorites  of  potash  or  soda,  even  with  the  alkali  in 
great  excess ;  but  by  adding  caustic  soda  to  a  solution  of  hy- 
pochlorite of  lime,  and  afterwards  nitrate  of  copper,  we  obtain 
the  calcareous  compound  (lime  being  precipitated  along  with 
the  copper)  in  a  state  of  division  so  fine  as  to  show  the  rose 
colour  as  soon  as  it  is  formed.  This  method,  however,  does 
not  serve  for  the  purposes  of  analysis,  for  the  powder  never 
becomes  granular,  and  remains  therefore  too  bulky  to  be 
washed. 

It  will  now  be  observed  that  the  dehydrating  action  of  the 
hypochlorites  upon  oxide  of  copper  must  depend  upon  the 
momentary  formation  of  a  sesquioxide  in  which  the  oxygen 
has  replaced  the  previously  combined  water. 

The  solution  of  bleaching  powder  in  which  the  sesquioxide 
has  been  formed  is  of  a  fine  but  very  pale  pink  colour,  and 
contains  so  small  a  proportion  of  the  colouring  ingredient, 
that  the  nature  of  that  body  can  scarcely  be  discovered  by 
analytical  means.  The  second  washing  of  the  oxide  is  colour- 
less; but  if  a  very  minute  portion  of  sulphate  of  manganese 
be  added,  the  pink  colour  is  restored.  When  manganatc  of 
potash  is  drop|)ed  itJlo  nitric  acid,  the  well-known  red  colour 
of  iiypermanganic  acid  is  produced.  In  lime  water  tlie  colour 
is  bluish  green;  but  in  bleaching  litjuor,  even  with  excess  of 
lime,  we  have  the  peculiar  amethystine  colour  of  the  solution 
in  which  the  sesquioxide  of  copper  has  been  ))roduced. 
nicaching  powder  lias  long  been  said  to  contain  manganese, 
and  to  this  I  at  first  attributed  the  pink  colour  of  the  original 
nolution ;  but  1  afterwards  found  that  it  could  be  reproduced 
from  pure  Irish  limestone  which  I  employed.  Even  marble 
gives  a  pink  solution  in  the  same  circumstances. 
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The  vessel  in  which  the  sesquioxide  has  been  produced, 
is  lined  with  a  beautiful  rose-coloured  deposit,  which  remains 
attached  to  the  glass  when  the  other  matters  are  washed  out; 
but  it  fades  away  in  a  few  hours,  particularly  when  exposed 
to  light,  and  cannot  even  be  long  preserved  in  the  solution 
in  which  it  forms.  Dissolved  in  dilute  nitric  acid,  copper  is 
found  in  the  solution  and  no  manganese.  There  can  be  no 
doubt  that,  like  the  precipitate,  it  is  the  sesquioxide  of  cop- 
per in  combination  with  lime. 

The  red  oxide  of  iron  has  also  the  power  of  decomposing 
the  hypochlorites.  This  fact,  as  well  as  the  formation  of  a 
superoxide  of  copper,  was  observed  many  years  ago  by  Mr. 
Mercer  of  Oakenshaw,  and  stated  by  him  to  the  British 
Association  in  1842,  in  a  paper  containing  some  interesting 
speculations  on  these  and  other  weak  affinities  which  give  rise 
to  many  of  the  phaenomena  of  catalysis. 

When  a  solution  of  bleaching  powder  is  mixed  with  nitrate 
of  copper,  alight  bluish-green  powder  precipitates,  the  bulki- 
ness  of  which  renders  it  somewhat  difficult  to  wash.  This 
powder  is  very  slightly  soluble  in  water,  and  scarcely  changes 
colour  in  boiling.  Heated  in  a  glass  tube  over  a  spirit-lamp, 
chloride  of  copper  sublimes  into  a  cooler  part  of  the  tube,  and 
water  escapes.  The  residue  consists  of  black  oxide  of  copper 
mixed  with  a  quantity  of  chloride,  which  may  be  separated 
from  the  oxide  by  washing.  Professor  Graham,  who  sug- 
gested to  me  this  experiment,  remarked  the  analogous  effect 
of  boiling  water  in  separating  water  from  a  hydrate.  It 
proved  to  be  a  hydrated  oxichloride  of  copper,  the  substance 
known  by  the  name  of  Brunswick  green,  and.  formed  in  a 
variety  of  other  circumstances.  Analysis  gave  me  nearer 
SCu  O,  Cu  CI  than  4«Cu  O,  Cu  CI ;  but  the  presence  of  car- 
bonate in  the  specimen  left  me  in  doubt  upon  this  point,  and 
1  could  not  resume  the  inquiry.  In  this  reaction  the  whole 
of  the  hypochlorous  acid  is  set  free. 

4.(CuO  NO5)  -f-  3(CaO  CIO,  CaCl) 
=  4(CaO  NO5)  +  3CuO,  CuCl  +  2CaCl  -f  SCIO. 

Peroxide  of  lead  is  often  produced  by  passing  a  stream  of 
chlorine  through  a  solution  of  sugar  of  lead.  The  chloride 
which  accompanies  it  in  this  way  may  be  also  converted  into 
peroxide  by  employing  a  solution  of  bleaching  powder  instead 
of  chlorine.  The  peroxide  produced  by  these  means  has  a 
light  brown  colour,  although  washed  with  dilute  nitric  acid 
and  boiling  water.  I  have  succeeded,  by  the  following  pro- 
cess, in  forming  a  compound,  nearly  colourless^  of  peroxide 
of  lead  and  lime.     Dissolve  in  water  1  lb.  of  nitrate  of  lead, 
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and  add  it,  along  with  3  equivs.  of  lime,  to  16  pounds  of  a  so- 
lution of  bleaching  powder  of  sp.  gr.  1*08.  Heat  the  mixture 
gradually  to  160°  Fahr.  and  stir  it  frequently  during  five 
hours.  Pour  off  the  clear  liquid,  add  16  pounds  more  of  the 
same  solution,  and  continue  the  heat  three  hours  longer.  The 
combination  is  obtained  white  with  only  a  slight  brown  tinge. 
It  is  quite  insoluble  in  water,  and  when  dried  does  not  alter 
in  the  air.  Nitric  acid,  by  dissolving  the  lime,  leaves  the 
peroxide  of  a  deep  black  colour,  and  therefore  much  deeper 
than  that  obtained  by  any  of  the  processes  usually  employed. 

I  have  had  no  means  of  determining  the  proportion  of  lime 
contained  in  this  plumbate.  With  less  than  two  equivalents 
to  one  of  oxide  the  compound  is  not  white;  and  an  excess  of 
lime  cannot  afterwards  be  dissolved  away  by  an  acid  without 
discolouring  the  salt. 

I  found  it  convenient  in  these  experiments  to  prepare  a 
quantity  of  cream  of  lime,  by  dropping  newly-burnt  lime  into 
boiling  water,  stirring  up,  allowing  the  sand  and  the  grosser 
parts  to  subside,  and  pouring  off  the  superstratum.  When 
this  again  had  subsided  for  some  time,  the  water  was  poured 
away,  and  the  cream  of  lime  which  remained  corked  up  in 
small  bottles  for  use.  By  this  means  I  had  always  at  hand  a 
quick  lime,  whose  equivalent  I  knew,  free  from  sand  and  free 
from  carbonate.  Marble,  of  course,  answers  the  best  for  this 
purpose. 

Manganese,  again,  appears  in  the  nitric  acid  which  has  been 
employed  to  decompose  the  plumbate,  in  the  state  of  a  pink- 
coloured  hypermanganic  acid.  When  this  solution  is  poured 
off  and  more  water  and  nitric  acid  added  to  the  peroxide  that 
is  left,  a  small  quantity  of  sulphate  of  manganese  restores  the 
colour.  Peroxide  of  lead,  prepared  by  the  same  or  by  other 
means,  when  dried,  does  not  yield  the  pink  colour  without 
the  application  of  heat. 

XL  VI  I.  Proceedings  of  Learned  Societies. 

ROYAL  ASTRONOMICAL  SOCIETY. 

[Continued  from  p.  220.] 

April  11,  f\^  the  Longitude  of  Paramatta.     IJy  C.  Rumker,  Esq. 

1845.     ^^  Communicated  by  Dr.  Lcc. 

The  object  of  this  communication  is  to  show  that  tbc  method 
of  determining  the  longitude  by  means  of  moon-culminating  stars 
can  be  extended  to  large  meridional  differences.  The  observations 
of  the  moon  and  moon-culminating  Ptars  made  ot  Paramatta  are 
compared  with  thoHC  made  at  Greenwich,  Paris,  Abo,  and  Konigs- 
b«rg,  and  the  results  have  proved  satisfactory.    The  correction  to 
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the  assumed  east  longitude,  10^  4""  6*- 25,  from  the  mean  of  all  the 
observations,   is    +  0*"967  ;     whence   the   resulting   longitude   is 

10h4m  78.217. 

On  the  Use  of  a  new  Micrometer,  and  its  Application  to  the  De- 
termination of  the  Parallax  of  Mars  at  his  ensuing  Opposition.  By 
M.  Boguslawski.  Communicated,  with  a  Letter  to  the  President, 
from  Sir  John  Herschel. 

This  communication  is  introduced  by  the  following  letter  from 
Sir  John  Herschel : — 

"  Collingwood,  March  30,  1845. 

"  My  dear  Sir, — I  request  permission  to  lay  before  the  Astrono- 
mical Society  the  accompanying  communication  from  M.  Bogus- 
lawski, just  received,  in  which  he  describes  a  new  micrometer,  and 
urges  its  application  to  the  determination  of  the  parallax  of  Mars  at 
his  ensuing  opposition. 

"  M.  Boguslawski,  as  will  be  observed,  requests  me  to  take  on 
myself  the  sole  charge  of  directing  and  arranging  the  observations 
he  recommends.  My  engagements  utterly  preclude  the  possibility 
of  my  undertaking  this  duty,  or  any  part  of  it.  Nevertheless,  being 
willing  and  desirous,  so  far  as  I  am  able,  to  forward  this  or  any 
other  well-recommended  scientific  object,  I  have  considered  it,  on 
the  whole,  as  my  duty  to  forward  his  letter  where  it  is  sure  to  receive 
every  due  consideration  ;  leaving  it  to  the  Council,  if  it  should  seem 
of  sufficient  importance,  to  make  any  arrangements  they  may  see  fit 
for  meeting  the  end  in  view. 

"  I  ought  to  add  that  I  have  myself  had  in  use,  for  some  time 
during  my  observations  at  the  Cape,  a  process  of  micrometrical  mea- 
surement by  means  of  the  transit  of  stars  over  the  moveable  wire  of 
a  position  micrometer,  set  at  a  given  angle  of  inclination  to  the  par- 
allel, which  I  have  designated  as  the  method  of  oblique  transits  for 
the  purpose  of  determining  the  distances  of  double  stars,  which  ap- 
pears to  me  nearly  or  quite  identical  in  principle  with  this  of  M.  Bo- 
guslawski. 

"  An  account  of  this  method,  and  the  results  obtained  by  its  use, 
have  been  for  some  time  written  for  the  press,  and  will  form  part  of 
my  forthcoming  observations  in  the  southern  hemisphere. — I  remain, 
my  dear  Sir,  &c. 

"J.  F.  W.  Herschel." 

The  author  states  that  he  intends  shortly  to  publish  a  detailed  ac- 
count of  the  construction  and  use  of  this  micrometer,  for  observing 
differences  of  right  ascensions  and  declinations  of  stars.  Its  prin- 
cipal peculiarity  consists  in  this,  that  its  scale  is  not  dependent  upon 
the  individual  telescope  employed,  and  is  therefore  independent  of 
the  optical  power  of  it,  except  only  as  far  as  the  distinctness  and 
precision  of  the  images  are  concerned.  An  account  of  some  obser- 
vations made  with  it  will  be  found  in  some  of  the  forthcoming  num- 
bers of  the  Astronomische  Nachrichten.  It  consists  simply  of  one  wire, 
thread,  or  lamina,  which  is  placed  in  the  common  focus  of  the  object- 
glass  and  eye-piece  of  a  telescope,  as  a  diameter  across  the  field  of 
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view,  in  such  a  manner  as  to  turn  round  the  centre  in  every  direc- 
tion, and  to  make  with  the  declination  circle  any  given  angle.  The 
author  then  proceeds  to  show,  that  if  t°,  t',  and  T,  be  the  times  of 
passage  across  the  wire  of  three  stars  (the  first  two  being  known, 
and  the  third  being  unknown  or  its  position  required),  whose  right 
ascensions  are  a°,  a',  and  A,  and  declinations  (J°,  5',  and  D,  for  any 
given  position  of  the  wire ;  and  if  9°,  9',  and  6,  be  the  correspond- 
ing times  of  transit  of  the  same  three  objects  for  any  other  position 
transverse  to  the  former,  then 

and  p..^_a>-^°  (9-0-(T-r°) 

*  e      •(<j'-^°)_(r'-T°)' 

,  cos   l(3'  +  r)        ,.  ,  ,^    , 

where         .    e= T  )-r^     ^\.  and  is  very  nearly  equal  to  1. 

cos.^(D  +  ^)  ^  ^    ^ 

When  the  unknown  object  is  a  planet,  since  its  position  is  deter- 
mined by  observations  made  at  two  different  times,  T  and  9,  a  cor- 
rection will  be  necessary  for  its  motion  during  the  interval  of  time 
G — T;  and  the  author  determines  the  corrections  to  be  applied  to 
the  times  G  and  T,  to  reduce  them  to  the  same  epoch. 

The  author  considers  this  micrometer,  both  from  its  simplicity 
and  from  the  precision  of  its  results,  to  be  exceedingly  well  adapted 
for  observations  of  Mars  and  neighbouring  stars,  for  the  purpose  of 
determining  its  parallax  ;  and  he  gives  the  following  formulae  for 
the  value  of  the  parallax  ; — 

Let  ^'w  and  \^g  be  the  latitudes  of  two  observatories  favourably 
situated  for  determining  the  parallax  by  observations  of  right  ascen- 
sions, or  differing  considerably  in  longitude,  \J/w  being  the  latitude 
of  the  western  and  ^/g  of  the  eastern  station.  Let  also  hy,  and 
A,  be  the  corresponding  hour-angles  of  Mars  ;  A^  and  Ar  the 
observed  right  ascensions,  reduced  to  the  same  instant ;  and  D  the 
approximate  declination  ;  then 

The  horizontal  parallax  of  Mars 

—  (A,  —  Aw)  cos  D 

cos  ^w  oin  Aw  —  cos  "^^  sin  /<k 

Again,  if  D^  and  D,  denote  the  declinations  observed  at  two 
stations  differing  very  considerably  in  latitude  (N  denoting  the 
northerly  and  S  the  southerly  station,  and  the  rest  of  the  notation 
being  Muitubly  changed), 

The  horizontal  parallax 

_        (D.  -  Dw  )  Sec.  D • 

sin  ^n  —  Bin  ^,  +  tan  D  cos  ^a  cos  h,  —  tan  D  cos  ^„  cos  h^ 

11)18  communication  i»  accompanied  by  a  list  of  stars  selected  by 
the  author  as  favourably  situated  for  observation  at  the  ensuing  op- 
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position  of  Mars ;  the  list  includes  many  of  those  set  down  for  a 
similar  purpose  in  the  Nautical  Almanac  for  1845. 

May  9. — The  following  communications  were  read  : — 
I.  Extract  of  a  Letter  from  the  President  to  the  Secretary. 
"  I  forward  you  a  new  epoch  of  y  Virginis  for  this  apparition, 
thinking  it  may  be  welcome  to  such  of  our  Fellows  as  are  following 
up  the  orbit  of  that  remarkable  system,  which  promises,  compara- 
tively, to  be  to  double  stars  what  Halley's  comet  is  among  that  class 
of  bodies.  I  made  the  observations  in  Dr.  Lee's  Observatory,  at 
Hartwell  House,  with  my  former  instruments,  which  are  always 
obligingly  kept  in  readiness  for  my  immediate  use.  The  mean  mi- 
crometrical  readings  gave  174°  36'" 6  for  the  position,  which,  cor- 
rected to  the  meridian,  and  brought  to  proportional  parts,  afford 

Position  18.5°  23'-3  (w.  6);  Distance  2"-10  (w.  4);  Epoch  1845-34. 

"  The  measures  made  on  the  2nd  and  3rd  inst.  merit  considerable 
confidence,  for,  previously  to  my  placing  the  micrometer  on  the  ob- 
jects, it  was  steadily  viewed  in  an  unilluminated  field  with  a  negative 
eye-piece  magnifying  240  times,  under  which  the  minute  companion 
following  nearly  on  the  parallel  was  distinctly  seen.  On  this  occa- 
sion, the  wire-micrometer  was  under  a  positive  eye-piece  of  340 
times  during  three  sets  of  the  measures,  and  once  under  one  of  600  ; 
and  the  rock-crystal  was  applied  with  its  power  of  145,  doubled  by 
the  interposition  of  the  achromatic  lens  described  in  my  '  Cycle.'  " 

n.  On  a  new  construction  of  the  Divided  Eye-glass  Double-Image 
Micrometer.     By  G.  B.  Airy,  Esq.,  Astronomer  Royal. 

The  author  remarks,  that  the  convenience  and  accuracy  of  the 
double-image  micrometer  are  so  great  that  it  is  highly  desirable  to 
remove,  if  possible,  any  of  the  inconveniences  to  which  it  is  subject. 
The  form  in  which  he  has  employed  the  instrument  is  that  of  a  four- 
glass  eye-piece,  the  second  lens  (as  measured  from  the  object-glass) 
being  divided,  and  one  or  both  segments  being  moveable.  The  se- 
cond lens  must  therefore  be  placed  in  such  a  position  that  every 
pencil  of  rays  coming  from  the  object-glass  is  equally  divided  upon 
the  two  segments, — a  condition  which  is  satisfied  when  the  distance 
of  the  second  lens  from  the  first  is  (sensibly)  the  same  as  the  focal 
length  of  the  first  lens.  When  this  adjustment  to  focal  length  is 
perfectly  made,  and  when  also  the  observer  has  the  power  of  securing 
the  equal  division  of  light  upon  the  two  segments  for  one  pencil 
(and  therefore  for  all),  the  use  of  this  eye-piece  is  extremely  conve- 
nient. Without  any  effort  in  placing  the  eye  in  a  definite  position, 
a  single  image,  in  whatever  part  of  the  field,  is  broken  up  into  two 
of  equal  intensity. 

The  most  important  defect  of  the  micrometer  is  this,  that,  unless 
certain  conditions  are  respected,  the  images  will  be  coloured  in  all 
parts  of  the  field  of  view  except  the  centre.  This  colour  is  not  pro- 
duced, like  the  colour  in  an  achromatic  object-glass,  from  the  want 
of  convergence  of  all  the  rays  in  one  pencil  to  the  same  focal  distance. 
It  arises  from  a  lateral  chromatic  disturbance  of  the  focus  of  each 
pencil ;  and  it  may  be  represented  most  conveniently  by  tracing  the 
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course  of  the  axis  of  each  pencil,  considered  as  a  single  ray  subject 
to  chromatic  separation,  through  all  the  lenses  to  the  eye,  when,  if 
they  enter  the  pupil  in  any  relative  direction,  except  that  of  paral- 
lelism, they  "will  produce  the  sensation  of  chromatic  separation  in  the 
direction  of  the  radius  of  the  field  of  view.  In  this  micrometer  eye- 
piece such  a  defect  is  wholly  inadmissible,  and  therefore  the  first 
condition  is,  that  the  eye-piece  shall  be  (without  reference  to  the 
fault  described,  and  without  regard  to  the  separation  of  images) 
achromatic. 

The  theory  of  achromatic  eye-pieces  was  given  by  the  author  in 
the  Cambridge  Transactions,  vol,  ii.,  and  the  first  divided  eye-glass 
micrometers  which  he  constructed  were  made  of  four-glass  eye- 
pieces in  Avhich  the  equation  of  achromatism  was  satisfied,  subject 
to  the  condition  already  mentioned,  that  the  distance  between  the 
first  and  second  lens  should  be  equal  to  the  focal  length  of  the  first 
lens.  But  in  the  use  of  these  a  new  inconvenience  soon  manifested 
itself.  The  separation  of  the  images  is  produced  by  so  moving  a 
segment  of  the  divided  lens  that  the  pencils  of  light  are  received  upon 
a  part  of  the  segment  where  the  surfaces  are  inclined,  so  that  there 
is  introduced  in  this  part  of  the  eye-piece  a  prismatic  refraction  and 
consequently  a  prismatic  dispersion.  In  general,  the  dispersion  thus 
produced  will  not  be  so  modified  by  the  passage  of  the  rays  through 
the  two  remaining  lenses  that  the  rays  of  all  colours  (as  separated 
by  the  motion  of  the  segment  of  the  second  lens)  will  enter  the  eye 
in  a  state  of  parallelism ;  and  therefore  the  separated  images  will 
appear  coloured  from  this  cause  without  respect  to  the  part  of  the 
field  of  view  in  which  they  are  seen. 

This  failing  is,  perhaps,  more  important  than  the  other,  for  it 
affects  the  estimation  of  the  scale  of  the  micrometer  as  well  as  the 
ordinary  use  of  the  micrometer.  The  only  practicable  method  of 
ascertaining  the  scale  of  the  divisions  is  to  place  a  wire  in  the  me- 
ridional direction  across  the  centre  of  the  field  ;  to  make  two  images 
of  a  single  star  by  separation  tlirough  a  known  number  of  divisions 
in  an  equatorial  direction,  and  to  observe  the  transit  of  these  two 
images  across  the  wire.  If  one  or  both  images  are  coloured,  so  as 
to  present  the  appearance  of  a  spectrum  in  the  direction  of  separa- 
tion, these  transits  are  uncertain,  and  the  estimation  of  the  scale- 
divisions  derived  from  them  will  be  uncertain. 

It  was  not  till  long  after  this  inconvenience  had  been  perceived 
that  it  occurred  to  the  author  that  it  was  possible  to  ascertain,  in  an 
algebraic  form,  the  theoretical  equation  upon  which  the  removal  of 
this  chromatic  dispersion  would  depend,  and  thereby  to  discover 
whether  the  two  ecjuationH  (of  achromatism  in  the  ordinary  case  of 
no  separation  of  images,  and  achromatism  as  regards  only  the  disper- 
sion produced  by  the  separation  of  images)  could  be  satisfied  simul- 
taneously, luid  without  (li»turl)ing  the  ansumption  that  the  dit^tuncc 
between  the  first  and  second  lenses  should  be  ot^ual  to  tlic  focal 
length  of  the  third  lens.  On  forming  the  equations,  and  substi- 
tuting trial  numbern,  he  had  tlic  gratification  of  discovering  that 
numbers  could  be  found  for  the  distances  and  focal  lengths  which 
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are  very  favourable  as  regards  the  breadth  of  the  pencil  of  rays  where 
it  meets  each  lens,  and  which  leave  the  focal  length  of  the  first  lens 
perfectly  arbitrary,  so  that  the  power  of  the  eye-piece  may  be  changed, 
preserving  all  its  properties  undisturbed,  by  merely  changing  the  first 
lens.  This  is  the  "new  construction"  proposed  as  the  object  of  the 
paper. 

The  algebraic  investigation  is  then  given  in  detail ;  and  the  author, 
after  the  reading  of  the  paper  was  concluded,  gave  an  oral  explana- 
tion, illustrated  by  diagrams,  of  the  construction  and  the  theory  upon 
which  it  depends. 

June  13. — The  following  communications  were  read  : — 

I.  On  the  Epheraerides  of  Jarchi,  the  Chaldean  Months,  and  the 
derivation  of  Orion  and  his  Dogs.     By  S.  M.  Drach,  Esq. 

The  author  suggests,  on  the  authority  of  Weidler's  Historia  As- 
tronomic, that  the  first  astronomical  tables  and  ephemerides  published 
in  Europe  are  those  of  Rabbi  Solomon  Jarchi,  although  still  inedited. 
Jarchi  is  supposed  by  Dr.  Jost  to  have  lived  from  the  years  1040  to 
1105  {Gesch.  der  Israel,,  vol.  vi.  p.  243). 

The  author  then  proceeds  to  the  consideration  of  the  passage  of 
the  book  of  Job,  contained  in  the  thirty-first  and  thirty-second  verses 
of  the  thirty-eighth  chapter  :  "  Canst  thou  bind  the  sweet  influences 
of  Pleiades,  or  loose  the  bands  of  Orion  ?  Canst  thou  bring  forth 
Mazzaroth  in  his  season }  or  canst  thou  guide  Arcturus  with  his 
sons  } "  And  he  cites  the  opinion  of  the  Rabbinical  commentators 
for  the  meaning  of  each  of  the  astronomical  words  contained  in  it. 

He  then  gives  from  Buxtorf 's  Lexicon  the  meanings  of  the  names 
of  the  Jewish  months,  and  concludes  that  their  calendar  is  founded 
on  the  agricultural  occupations  of  the  Chaldean  shepherds,  who  were 
employed  during  winter  in  preparing  the  fleeces  of  their  flocks  for 
clothing,  &c. 

He  thinks  it  not  impossible  that  the  numerical  values  of  the  names 
of  the  months  indicate  the  number  of  days  wherein  celestial  phaeno- 
mena  recur,  mystically  decomposed  for  priestly  purposes ;  and  he 
gives  instances  in  which  certain  combinations  of  their  values  repre- 
sent pretty  nearly  the  synodical  periods  of  some  of  the  planets. 

There  is  some  reason  for  supposing  that  Orion,  Sirius,  and  Pro- 
cyon,  may  be  regarded  as  Hellenized  Egyptian  names  by  dropping 
the  final  syllables,  and  that  they  may  thus  be  referred  to  the  Chal- 
dean dialect. 

H.  Extracts  from  a  Letter  to  the  President,  dated  Picket  Berg, 
Cape  of  Good  Hope,  January  1,  1845,  from  C.  Piazzi  Smyth,  Esq. 
Communicated  by  Captain  Smyth. 

Great  Comet  of  1844-45. 

"  Another  splendid  comet  is  at  this  moment  astounding  the  south- 
ern hemisphere  and  displaying  the  most  interesting  series  of  phseno- 
mena,  which  are  passing  away  unrecorded,  because  the  Institution  is 
still  without  sufficient  means. 

"The  apparition  of  this  comet,  1844-45,  is  just  such  an  opportu- 
nity, such  a  crucial  test  of  his  theory,  as  Bessel  is  so  ardently  desi- 
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rous  of  beholding,  provided,  however,  as  he  would  of  course  be,  with 
a  sufficient  apparatus. 

"  During  the  first  nine  days  of  its  appearance  to  this  end  of  the 
colony  generally,  this  comet  was  only  seen  once  at  the  Royal  Ob- 
servatory, on  account  of  the  clouds  which  form  so  frequently  to  the 
west,  because  Table  Mountain  is  there  ;  and,  now  the  comet  is  going 
southward  so  very  fast,  that  it  will  probably  soon  be  out  of  reach  of 
the  equatoreal  mounting  of  the  telescope.  This  state  of  things  has 
already  supervened  in  the  case  of  Mauvais'  comet,  which  has  been 
observed  since  October,  and  is  likely  to  be  visible  for  a  long  time  to 
come ;  but  from  the  middle  of  December  its  south  declination  has 
been  so  great  as  to  place  it  beyond  the  range  of  the  instrument  at 
the  best  times  for  observation.  Now,  therefore,  a  polar  axis  mount- 
ing is  being  hastily  run  up." 

Meteorology . — "  A  large  mountain  is  too  generally  associated  in 
idea  with  constant  clouds  and  storms  ;  but  two  years'  experience  on 
great  elevations  at  this  end  of  the  colony  shows  decidedly  that  the 
highest  position  is  by  no  means,  on  that  account  solely,  liable  to 
most  mist,  or  vexed  with  most  wind ;  such  effects  depending  more 
on  the  proximity  of  the  sea,  and  the  configuration  of  the  neighbour- 
ing country. 

"  Winterhock-berg,  6500  feet  high  and  GO  miles  from  the  sea,  had 
little  wind  and  less  mist ;  but  one  of  its  off-sets  contains  a  kloof,  or 
cleft,  which  serves  as  a  vent  for  the  wind  which  has  been  blowing 
up  the  Worcester  and  Tulbagh  valleys  ;  and,  in  this  kloof,  1200  feet 
high,  there  is  generally  abundance  of  both  wind  and  cloud, — the 
latter  of  that  sort  which  is  forming  at  the  same  time  on  the  top  of 
Table  Mountain,  3fiOO  feet  high. 

"  Kamiesberg,  5500  feet  high,  a  cold  mountain,  isolated  in  ex- 
tensive warm  plains,  had  little  wind;  but  Klyp  Hug-berg,  only  1000 
feet  high,  situated  on  the  edge  of  a  steppe  dividing  a  cold  region 
from  a  hot  one,  was  subject  to  wind,  violent  and  continual  beyond 
example. 

"In  the  plains  there  generally  prevails  during  summer  a  certain 
degree  of  haziness  and  indistinctness  in  the  atmosphere,  highly  jire- 
judicial  both  to  the  definition  and  the  intensity  of  any  distant  illu- 
minated object.  A  residence  on  a  high  mountain  shows  that  there 
is  spread  at  such  times  over  the  whole  lower  country  a  stratum  of 
dry  fog  to  the  depth  of  3000  or  4000  feet,  not  affecting  the  dew- 
point,  of  a  smoky  colour,  but  so  rare  as  to  be  unsusi)ccted  by  a  per- 
son immersed  in  it.  When  he  is  above  its  level  the  peaks  of  distant 
mountains  in  a  similar  condition  appear  well-defined,  and  of  an  in- 
tense blue  or  i)urple  colour,  while  all  below  is  indistinct,  dancing, 
and  boiling,  and  overcome  by  a  general  murkish  gray  tint.  Tliis 
peculiar  fog  may  last  in  summer  two  or  three  months ;  in  the  winter, 
only  as  many  days,  and  it  is  then  more  rare  and  attains  a  greater 
height.  It  is  usually  formed  gradually,  and  ia  at  length  precipitated 
or  dissipated  by  rain ;  but  it  is  sometimes  very  sudden,  and  appa- 
rently capricious  both  in  ai)]>earance  and  disa])peariuice ;  no  other 
importont  changes  being  evident  nt  the  titnc. 


Royal  Astronomical  Society.  305 

"  What  this  fog  is  seems  a  question  very  difficult  to  solve.  An 
infinite  number  of  substances  on  the  surface  of  the  earth  are  con- 
stantly giving  out  their  peculiar  vapours  ;  even  metals  do  so,  a  fact 
implied  by  their  having  a  smell ;  for  to  be  perceived  in  that  manner, 
particles  must  be  flying  off  from  them  as  from  camphor.  How  high 
do  such  vapours  ascend  in  the  atmosphere,  how  long  do  they  re- 
main suspended,  and  are  they  at  times  precipitated,  or  are  they  de- 
composed ? 

"  Smoke  appears  to  play  a  part,  though  perhaps  a  very  small  one, 
in  the  business.  From  the  universal  practice  all  over  the  colony  of 
'  burning  the  land,'  or  the  bush,  there  is  seldom  a  week  passes  with- 
out there  being  numerous  fires  burning  in  one's  neighbourhood.  In 
clear,  calm  weather  the  smoke  from  one  of  these  has  been  seen  rising 
up,  cumuliform,  3000  or  4000  feet  in  height,  and  then  forming  a 
level  stratum  sometimes  fifty  miles  in  length,  and  this  has  continued 
several  days,  the  fire  still  burning  and  the  calm  still  enduring.  While 
the  drj'  fog  prevails,  a  smoke  from  the  plains  has  been  seen  to  rise 
up  4000  feet  and  be  lost  in  the  upper  layers  of  this  haze,  while  at 
the  same  time  smoke  from  the  top  of  a  neighbouring  mountain  6000 
feet  high,  has  only  risen  up  about  200  feet,  and  has  then  slanted  oflF 
downwards  and  mingled  with  the  same. 

"  In  clear  weather,  on  Winterhock-berg  the  theodolite  telescope 
(aperture  2  inches,  power  25)  has  shown  a  pile  of  rough  stones  (12 
feet  high,  12  feet  broad  at  the  base,  and  3  at  the  top)  on  the  Cedar 
mountains,  nearly  seventy  miles  distant,  so  clearly,  that  an  object 
one-third  the  breadth  of  the  top  would  have  been  abundantly  visible. 
From  the  same  station  a  man  was  seen  on  Picket  Berg,  45  miles  oflF; 
and  on  this,  one  of  Hottentot's  Holland  Sneew  Kop,  the  spars  at  the 
Lion's  Rump  signal  station  (40  miles  off),  have  been  most  clearly 
visible.  And  what  is  very  deserving  of  notice  is,  that  some  of  the 
very  best  definition  have  been  witnessed  on  these  mountains  in  the 
middle  of  summer  with  a  light  northerly  air ;  while  at  the  same 
time,  in  the  level  country  below,  a  strong  south-east  wind  has  been 
blowing  with  its  usual  accompaniment  of  large,  faint,  woolly  blotches 
in  the  place  of  what  ought  to  have  appeared,  viz.  stellar  points." 

Magnitudes  of  Stars. — "Bessel's  recommendation  of  steel  specula 
reminds  me  of  a  series  of  astronomical  phsenomena  that  are  passing 
unrecorded,  viz.  the  changes  in  the  magnitude  of  some  stars. 

"In  March  1843,  Mr.  Mackay  wrote  from  Calcutta  to  Sir  John 
Herschel  that  ij  Argus  had  become  as  bright  as  Canopus,  from  which 
Sir  John  concluded  that  ij  was  making  another  step  forward,  and 
would  in  time  rival  Sirius  and  the  planets.  But,  after  having  for  a 
few  days  in  the  beginning  of  the  above-mentioned  month  approxi- 
mated to  Canopus,  ij  dwindled  down  again  very  rapidly.  But  Sir  John 
was  not  far  out,  for,  although  the  star  may  not  be  advancing  by  suc- 
cessive steps,  it  seems  to  be  doing  the  same  by  undulations ;  for,  in 
March  1843,  it  did  not  go  down  to  the  point  whence  it  started,  and 
it  is  now  again  on  the  increase.  It  is,  and  has  been  fo"  a  month, 
brighter  than  Canopus,  half-way  indeed  between  him  and  Sirius,  and 
is  very  red. 
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"  Not  having  been  able  yet  to  get  my  tourmalines  applied  to  a 
telescope,  I  cannot  report  on  their  actual  sufficiency  for  measuring 
the  magnitudes  of  stars ;  the  principle,  however,  seems  to  answer, 
inasmuch  as  a  mode  of  observation  is  produced,  in  which  the  only 
variable  element  is  angular  motion. 

"  Numerical  measurement  of  the  periodical  and  secular  changes 
in  the  colour  of  stars  would  seem  to  be  as  important  as  that  of  their 
lustre.  My  plan  for  doing  it  cannot  be  put  into  action  without  a 
clock-moved  telescope.  The  principle  is  merely  this  : — a  prism  is 
to  be  introduced  into  the  tube  of  a  telescope  so  as  to  make  the  linear 
spectrum  of  a  star,  instead  of  the  round  white  image  to  be  viewed  by 
the  eye-piece.  The  mean  yellow  ray  is  to  be  brought  by  mechani- 
cal adjustments  to  a  fixed  point  in  the  field,  and,  the  spectrum  being 
divided  into  a  number  of  spaces  of  certain  angular  extent,  the  bright- 
ness of  each  is  to  be  measured  separately,  as  in  the  case  of  the  mag- 
nitudes of  the  stars. 

"  White  stars  of  all  sizes  will,  of  course,  show  the  same  relative 
intensities  in  the  different  divisions  of  the  spectrum  ;  while  coloured 
stars  will  exhibit  a  preponderance  in  the  part  which  answers  to  their 
colour.  To  eliminate  the  differences  of  the  effects  of  the  atmosphere, 
and  to  determine  what  is  white  light,  a  method  must  be  pursued  si- 
milar to  that  in  the  discussion  of  the  measurement  of  magnitudes ; 
and  the  colour  of  the  star  will  ultimately  be  expressed  by  numbers, 
without  attempting  to  determine  by  what  particular  designation  such 
a  tint  would  be  conceived  by  a  person  of  ordinary  eyesight, 


"  Let  this  be  a  spectrum  divided  into  equal  angular  spaces  of  2" 
each,  the  one  marked  0  being  the  yellow  ray ;  by  means  of  a  perfo- 
rated plate  in  the  focus  of  the  telescope,  each  of  these  portions  is  to 
be  brought  singly  and  successively  into  view,  and  have  its  brightness 
separately  measured  as  a  single  star ;  the  several  portions  of  colour 
will  then  be  rej)re8ented  thus  : — 
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"  The  method  is  undoubtedly  rough,  and  inapplicable  to  the  smaller 
magnitudes  of  stars  visible  in  any  telescope,  but  if  a  measurement  is 
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obtained  in  numbers  (free  from  theoretical  objection),  and  capable  of 
having  the  probable  error  computed,  it  should  be  adopted  until 
something  better  can  be  advanced. 

"  It  will  not  do  for  any  one  to  tell  the  public,  even  in  the  case  of 
the  magnitudes  of  stars,  that  '  he  has  tried  all  instrumental  methods, 
and  found  all  to  be  inferior  to  estimation  by  the  naked  eye ; '  be- 
cause, so  long  as  such  a  method  of  observation  is  the  only  one  fol- 
lowed, so  long  will  the  assertion  remain  mere  rhetoric, — a  consump- 
tion of  time  without  producing  its  equivalent  of  useful  eiFect.  Let 
us  rather  remember  the  primary  and  aphorismal  foundations  of  prac- 
tical science,  such  as  : — 

"  '  Science  begins  with  the  observation  of  common  facta,  but,  even 
at  this  stage,  requires  that  the  observations  be  precise.' 

"  '  Facts  are  the  materials  of  science,  but  all  facts  involve  ideas, 
and  since  in  observing  facts  we  cannot  exclude  ideas,  we  must  take 
care  that  for  the  purposes  of  science,  the  ideas  be  clear  and  vigo- 
rously applied.  Therefore,  facts  for  the  purposes  of  material  science, 
should  involve  conceptions  of  the  intellect  only,  and  not  emotions,  and 
must  be  observed  with  reference  to  our  most  exact  conceptions, 
number,  place,  figure,  motion,  force,  &c.'  " 

XLVIII.  Intelligence  and  Miscellaneous  Articles. 

ON  OXIDATION  BY  MEANS  OF  CYANOGEN. 
BY  M.  P.  C.  BOUDAULT. 

THE  author  observes  that  chlorine,  bromine  and  iodine  are  not 
the  only  bodies  which  possess  oxidizing  power  by  indirect 
action ;  and  he  shows  that  cyanogen,  which  has  been  proved  to  act 
in  many  cases  as  an  elementary  body,  is  also  susceptible  of  effecting 
oxidizement. 

The  instability  of  cyanogen,  when  dissolved  in  water,  always  ap- 
peared to  offer  an  obstacle  to  the  author's  proposed  researches  on 
this  subject ;  it  therefore  occurred  to  him  to  replace  cyanogen  by  a 
compound,  in  which  this  body  was  in  loose  combination,  or,  so  to  ex- 
press it,  in  a  mobile  condition,  that  it  might  readily  act  upon  oxy- 
genated compounds,  and  separate  their  oxygen ;  and  these  condi- 
tions appeared  to  be  fulfilled  by  the  ferridcyanide  of  potassium,  or 
red  prussiate  of  potash.  This  salt,  when  heated  out  of  the  contact 
of  air,  is  decomposed  into  nitrogen,  cyanogen,  ferrocyanide  of  po- 
tassium, cyanide  of  potassium  and  carburet  of  iron ;  but  when  de- 
composed in  air  it  yields  peroxide  of  iron  and  more  cyanogen.  It 
appeared  therefore  to  the  author  that  this  compound  might  yield  a 
portion  of  its  cyanogen  by  certain  acid  reactions ;  and  this  was  found 
to  be  the  case. 

"When  the  equivalent  of  potassium,  which  chlorine  removes  from 
ferrocyanide  of  potassium  to  convert  it  into  ferridcyanide,  is  added  to 
it,  no  reaction  takes  place  between  them,  even  in  a  month,  at  ordi- 
nary temperatures ;  but  when  boiled  and  concentrated,  peroxide  of 
iron  is  precipitated,  cyanide  and  ferrocyanide  of  potassium  are 
formed,  but  no  oxygen  is  obtained. 
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The  author  concluded  that  the  decomposition  of  ferridcyanide  into 
ferrocyanide,  would  afford  cyanogen  which  would  act  as  if  it  were 
free  ;  and  he  found  that  when  he  heated  oxide  of  lead  in  a  mixture 
of  ferridcyanide  and  potash,  he  procured  binoxide  of  lead,  and  the 
solution  contained  ferrocyanide  of  potassium  only.  Having  thus 
proved  that  the  ferridcyanide  might  be  substituted  for  cyanogen  as 
an  oxidizing  agent,  experiments  were  performed  on  the  superoxi- 
dizement  of  various  oxides. — Journ.  dePharm.  et  de  CA.,  Juin  1845. 


SUPEROXIDIZEMENT   OF    METALLIC   OXIDES  BY  MEANS  OF  THE 
FERRIDCYANIDE  OF  POTASSIUM.      BY  M.  BOUDAULT. 

The  author  remarks,  that  metallic  oxides  in  general  have  a  ten- 
dency to  pass  to  a  higher  degree  of  oxidizement ;  and  some  of  them 
undergo  it  with  great  readiness,  under  the  oxidizing  influence  of 
cyanogen,  either  at  common  temperatures  or  when  boiling,  accord- 
ing as  the  oxide  is  more  or  less  superoxidizable. 

Oxide  of  Manganese. — When  protoxide  of  manganese,  which  has 
been  precipitated  without  the  contact  of  air,  or  a  salt  containing  this 
oxide,  is  added  to  a  mixed  solution  of  cold  ferridcyanide  of  potas- 
sium and  potash,  there  are  immediately  obtained  peroxide  of  man- 
ganese and  ferrocyanide  of  potassium  :  with  a  large  quantity  of  pot- 
ash, crystallized  peroxide  of  manganese  was  formed.  If,  instead  of 
adding  an  excess  of  ferridcyanide,  an  excess  of  a  salt  of  manganese 
be  employed  with  a  large  quantity  of  potash,  a  reddish-brown  pre- 
cipitate may  be  obtained,  which  is  probably  the  manganoso-man- 
ganic  oxide. 

Oxide  of  Nickel  and  Oxide  of  Cobalt. — The  protoxide  of  nickel, 
when  added  to  an  alkaline  solution  of  the  red  salt,  does  not  appear 
to  be  superoxidized ;  and  if  it  be  boiled  for  some  time  decomposition 
occurs  unconnected  with  oxidizement. 

The  same  is  the  case  with  oxide  of  cobalt ;  there  occurs,  never- 
theless, a  moment  in  which  the  oxide  of  cobalt  seems  to  be  super- 
oxidized,  but  it  is  probably  reduced  by  the  ferrocyanide  which  is 
fonncd. 

Oxide  of  Lead. — The  superoxidation  of  lead  is  the  most  marked 
of  any  oxide ;  a  salt  of  oxide  of  lead,  or  the  oxide  itself,  when  dis- 
solved in  potash,  is  converted  into  binoxide,  and  almost  always  preci- 
pitated in  the  crystalline  state ;  this  latter  fact,  however,  a2)pears  to 
depend  upon  the  quantity  of  potash  employed.  On  some  occasions 
the  author  obtained  minium  by  employing  excess  of  the  salt  of  lead, 
and  heating  the  liquor  but  slightly. 

Oxide  of  Copper. — llie  ferridcyanide  of  copper,  or  the  oxide,  are 
Buperoxldized  by  the  mixed  solution  of  ferridcyanide  of  potassium 
and  potuh ;  there  are  obtained  a  black  precipitate,  and  ferrocyanide 
as  luual. 

Oxide  of  Tin. — The  salts  of  protoxide  of  tin  effect  a  reduction  of 
the  ferridcyanide,  which  indicates  superoxidizement ;  but  the  author 
could  not  ascertain  the  nature  of  the  oxide  which  is  precipitated. 
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This  oxide  may  probably  be  the  stannate  of  protoxide  of  tin,  disco- 
vered by  M.  Fremy  (SnO,  Sn^Os). 

Oxide  of  Chromium,  when  dissolved  in  potash  and  heated  with  the 
ferridcyanide  to  the  boiling-point,  is  converted  into  chromate  of  pot- 
ash ;  and  if  sufficient  oxide  be  used,  all  the  ferridcyanide  is  reduced 
to  ferrocyanide ;  this  is  evidently  an  example  of  very  energetic  oxi- 
dation, for  hitherto  chromate  of  potash  has  not  been  procured  in  the 
moist  way. 

Oxides  of  Gold  and  Silver  are  not  superoxidized  by  the  ferridcya- 
nide ;  in  a  cold  solution  no  effect  is  produced,  but  at  a  temperature 
near  that  of  ebullition,  peroxide  of  iron  is  precipitated ;  and  the  so- 
lution contains  ferrocyanide  of  potassium,  and  cyanide  of  gold  dis- 
solved in  the  cyanide  of  potassium. 

The  salts  of  silver  exhibit  similar  phaenomena,  viz.  the  formation 
of  ferrocyanide,  precipitation  of  peroxide  of  iron ;  and  the  solution 
contains  ferrocyanide  of  potassium,  which  being  precipitated  by  al- 
cohol, cyanide  of  silver  and  cyanide  of  potassium  were  obtained. 
These  facts  are  not  included  in  simple  oxidizement,  they  are  true 
decompositions. 

Sulphur  may  also  be  oxidized  by  this  same  influence  ;  it  becomes 
sulphuric  acid. 

Acids  and  Salts. — Certain  mineral  acids  maybe  oxidized,  whether 
free  or  combined ;  phosphorous  acid  and  the  soluble  hypophosphites 
are  converted  into  phosphates  ;  sulphurous  acid  yields  sulphuric  acid, 
the  sulphites  are  converted  into  sulphates.  Oxalic  acid,  and  oxalates 
added  to  the  alkaline  solution,  yield  carbonates  almost  instantane- 
ously. 

M.  Boudault  gives  the  following  explanation  of  the  phaenomena 
which  he  has  described : — the  ferridcyanide  of  potassium  is  consi- 
dered by  him  as  a  double  salt,  that  is  to  say,  as  a  compound  of  per- 
cyanide  of  iron  and  cyanide  of  potassium ;  this  percyanide  of  iron, 
therefore,  does  not  exist  in  a  free  state,  and  being  a  very  unstable 
salt,  it  is  retained  in  the  red  prussiate  by  the  cyanide  of  potassium. 
As  soon  as  a  reaction  takes  place  in  the  presence  of  this  salt,  it  has 
a  tendency  to  be  decomposed,  and  the  author  gives  the  following  as 
explanatory  of  his  views  : — • 

Cy3  Fe*^  +  Cy3  K^  =  Cy^  Fe^  +  Cy^  K^  +  Cy . 
On  adding  potash  and  oxide  of  lead,  we  have 

Cy^Fe^Cy^  K^  +  Cy  -f-  KO  +  PbO 
=  Cy^Fe^Cy^'K'  +  CyK  +  PbO^ 
=  2CyFeCy2K2  +  Pb02. 
By  this  formula  we  find  two  equivalents  of  ferrocyanide  of  potassium 
and  binoxide  of  lead,  which  is  what  we  obtain  by  the  reaction  which 
it  explains. 

The  author  considers  the  ferridcyanide  of  potassium,  under  the 
circumstances  described,  as  ferrocyanide,  minus  potassium,  and  con- 
sequently as  possessing  an  equivalent  of  free  cyanogen,  capable  of 
replacing  cyanogen.  It  is  therefore  demonstrated,  M.  Boudault 
oncludes,  that  cyanogen  possesses  the  additional  analogy  with  chlo- 
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rine,  iodine  and  bromine,  of  being  like  them  an  energetic  oxidizer. 
— Journ.  de  Pharm.  et  de  Ch.,  Juin  1845. 


PHOSPHORIC  ACID  FOUND  IN  ALMOST  ALL  ROCKS  *. 

The  following  extracts  from  a  lecture  by  Dr.  R.  D.  Thomson  in 
the  forthcoming  number  of  the  Quarterly  Agricultural  Journal  of 
Scotland,  taken  in  conjunction  with  the  paper  printed  in  the  Philo- 
sophical Magazine  on  the  Inorganic  Constituents  of  Lichens,  render 
it  obvious  that  few  rocks  wiU  be  found  destitute  of  phosphoric  acidf. 


Greywacke  Soil. — By  explaining  geologically  the  dependence  of 
the  soil  upon  rocks,  and  tracing  the  production  of  various  soils  from 
their  respective  rocks,  not  only  may  much  interest,  but  much  instruc- 
tion be  derived  in  the  chemical  studies  of  the  agriculturist.  During 
the  last  winter  many  careful  analyses  of  rocks  have  been  made. 
These  I  do  not  intend  to  describe  at  present ;  but,  as  an  example  of 
the  importance  of  such  analyses,  I  may  notice  those  of  the  greywacke 
and  the  superimposed  soil  at  Balkerr  in  Wigtonshire.  The  experi- 
ments were  conducted  by  my  pupil,  Mr.  James  M'Bryde,  under  my 
immediate  direction.  The  analyses  of  the  rock  and  soil  are  placed 
in  parallel  columns  for  the  sake  of  comparison.  Specific  gravity  of 
the  rock  2-76. 


Decomposed  toil. 

SoU. 

Greywacke. 

Partially  undecom- 
posed  soil. 

SoU. 

Greywacke. 

Fibre    

1-01 

12-61 

2-49 

7-60 

•74 

1-72 

0-06 

0-94 
9-94 

trace. 

Gravel 

6-39 
19-16 
38-79 
8-30 
0-69 
0-66 

72-18 
11-68 
2-30 
0-96 
0-95 
2-40 

Organic  matter  and  "1 
some  water  of  un-  ■ 
decomposed  soil     J 

Phosphate  of  iron  ... 

Peroxide  of  iron 

Carbonate  of  lime  ... 

Magnesia 

Stones 

Silica   

Alumina  

Magnesia 

Lime    

Potash  and  soda 
Water 

Chloride  of  sodium  1 
Sulphate  of  lime...  j' 

The  important  fact  that  phosphoric  acid  is  contained  in  greywacke 
is  demonstrated  by  this  analysis.  In  another  examination  wc  found 
a  somewhat  larger  amount,  and  the  variation  may  be  considerable  in 
different  localities.  A  comparison  of  the  preceding  columns  enables 
us  to  deduce  the  effects  of  cultivation.  It  is  obvious  that  phosphoric 
acid  and  carbonate  of  lime  have  been  added  artificially.  Phosphoric 
acid  has  been  long  known  to  exist  in  volcanic  rocks  (Uoussingault's 
Economie  Rurale,  i.  5G1),  and  the  fact  has  been  confirmed  by  Mr. 
Fowncs,  but  I  am  not  aware  that  its  occurrence  in  primary  rucks  was 
pointed  out  until  the  experiments  made  here  in  1843,  upon  lichens, 
demonstrated  the  factt>    I  have  since  analysed  all  the  primary  rocks, 

*  Communicated  by  Dr.  Thornton. 

f  See  alto  the  very  complete  rcsearchct  of  Mr.  Sullivan  on  this  subject 
Inourlaat  number.— Kuh- 

)  6m  the  Journal  of  Agriculture  for  January  1840,  No.  8. 
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and  have  never  found  it  absent.  Indeed  the  former  experiments 
have  demonstrated,  that  on  those  rocks  where  we  find  lichens  grow- 
ing, we  may  infer  the  presence  of  phosphoric  acid  and  of  various 
salts ;  and  the  same  inference  applies  to  all  localities  where  marshy 
vegetation  exists. 

Greenstone  Soil. — ^The  following  analyses  were  made  by  Mr.  James 
Paterson,  Barnego,  near  Denny.  The  greenstone  upon  which  the 
soil  is  superincumbent,  consists  of  hornblende  in  small  crystals,  with 
portions  of  quartz  and  some  particles  of  calcareous  spar.  There  is 
probably  also  felspar,  but,  owing  to  the  minute  nature  of  the  ingre- 
dients of  which  the  rock  consists,  it  is  difficult  to  discriminate  the 
substances  with  the  eye.  The  analysis  of  the  rock  and  soil  has  been 
repeated  each  twice : — 

Soil.  Greenstone. 

Specific  gravity  2"91. 


I.             II.  I.              II. 

Silica    5000  49-70  5020  51-20 

Phosphate  of  iron    6*10         e-QG  2*00         2-04 

Peroxide  of  iron 1404  14-16\  „„.^  20-66 

Alumina   6-60         5-83/  ^^  ^^         6-30 

Lime 2-64         3-50  9-12         8-76 

Magnesia  and  some  potash  4-20         4-31  10*40         ^'QQ 

Soluble  salts 1  -63 

Organic  matter 10-69 

Water 500  2-00         150 

100-00  100-12     100-12 

The  large  amount  of  magnesia  in  the  rock  obviously  belongs  to 
the  hornblende,  the  predominating  constituent  of  the  rock. 

Limestones. — The  experiments  made  in  the  Glasgow  laboratory 
have  proved  the  existence  of  phosphoric  acid  in  the  Irish  limestone 
in  minute  quantity,  but  in  a  somewhat  greater  amount  than  in  the 
English  chalk,  thus  establishing  chemically  the  parallelism  of  these 
two  rocks  in  a  geological  point  of  view.  The  determination  of  this 
fact  was  conducted  by  Mr.  John  Thomson,  M.A.,  in  a  most  satis- 
factory manner.  Limestone  from  Ireland,  which  is  employed  abun- 
dantly at  Glasgow  and  on  the  Ayrshire  and  Wigtonshire  coasts,  was 
examined  and  compared  with  chalk  from  Cromer  on  the  coast  of 
Norfolk.     The  results  were  as  follows  : — 

Phosphoric  acid  in  Cromer  chalk     .     0-77  per  1000  grains. 
Irish  limestone  .     0*905 

Scottish  Magnesian  Limestone. — I  requested  my  pupil,  Mr.  James 
C.  Stevenson  of  Jarrow,  Shields,  to  examine  the  magnesian  lime- 
stone of  Sunderland  for  phosphoric  acid,  but  we  could  not  detect  a 
trace  of  it  in  1500  grains.  We  then  turned  our  attention  to  the 
magnesian  limestone  of  Berwickshire,  as  found  on  the  Tweed  be- 
tween Kelso  and  Coldstream,  and  formerly  burned  at  Hadden,  and 
which  I  had  found  some  years  ago  to  possess  the  following  composi- 
tion : — 
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1.  2.  3. 

Specific  gravity 2*723 

Carbonate  of  lime 49*600 

Carbonate  of  magnesia  44*000 

Silica 4*000 

Phosphate  of  iron 0*74         0*727 

Peroxide  of  iron 1*200 

Alumina 1*000 

We  found  it  to  contain  a  decided  amount  of  phosphoric  acid,  as 
exhibited  in  two  trials  made  by  Mr.  J.  C.  Stevenson. 

A  similar  limestone  exists  in  Stirlingshire,  at  Boquhan,  and  is  be- 
lieved to  extend  to  the  south-west,  although  I  have  not  had  an  op- 
portunity of  tracing  it.  For  the  opportunity  of  examining  this  lime- 
stone, I  am  indebted  to  the  attention  of  William  Murray,  Esq.  of 
Polmaise.  The  specific  gravity  of  this  limestone  varied  from  2*753 
to  2*830  and  2*833. 

The  following  are  analyses  of  four  different  specimens : — 

1.  2.  3.  4. 

Carbonate  oflime  53*09  56*07  53*06        54*00 

Carbonate  of  magnesia  43*49  39*34  43*11 

Phosphate  and  peroxide  of  iron...       0*96  0*74  2*34 

Silica  and  alumina 246  385  1*49 

The  first  analysis  was  made  by  myself;  No.  2,  by  Mr.  Archibald 
Sinclair,  Hillhead,  Stirling;  No.  3,  by  Mr.  John  Thomson,  jun. ; 
and  No.  4  by  one  of  my  assistants. 

By  three  analyses  the  composition  of  this  limestone  was  ascer- 
tained to  be,  stating  it  in  another  form, — 

1.  2.                 3. 

Lime    29*73  27*886 

Magnesia 22*50  20*465 

Phosphate  of  iron    0*96  0*431           0*279 

Silica  and  alumina 2*46  0*862           2*958 

Carbonic  acid  and  water. .      44*35  47*721  46*500 


EXAMINATION  OF  SOME  NATIVE   AND    ARTIFICIAL    COMPOUNDS 
OF  PHOSPHORIC  ACID.       BY  C.  RAMMELSBERG. 
[Continued  from  p.  237.] 
Phosphate  of  Alumina  and  Lithia. 
If,  after  washing  the  pho8])hate  of  alumina  obtained  from  a  solution 
of  alum  by  precipitation  with  j)hosi)hatc  of  soda,  we  dissolve  it  in 
solution  of  pottujh  until  it  is  saturated,  and  then  add  a  sohition  of 
chloride  of  lithium,  a  voluminouH  preci])itute  is  formed,  which,  ac- 
cording to  BcrzeliuB,  contaiuH  phosphoric  acid,  alumina  and  lithia. 
When  washed  with  cold  water  and  dried,  it  forms  a  white,  very  loose 
powder,  which  is  readily  soluble  in  acids,  and  on  being  heated  parts 
with  a  large  quantity  of  water.     For  analysis  it  was  heated  to  red- 
nc»«,  the  residue  dissolved  in  muriatic  acid,  and  the  alumina  as  well 
M  the  greater  part  of  the  phosphoric  acid  precipitated  by  ammonia, 
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after  which,  what  remained,  as  also  of  lithia,  were  estimated  in  the 
manner  previously  described.  In  another  experiment,  the  mass,  after 
having  been  heated  to  redness,  was  fused  with  silica  and  silicate  of 
soda,  the  lithia  being  left  out  of  consideration.  The  results  were  as 
follows : — 

I.  II.  III. 

Phosphoric  acid  . .    22-81         22-73         22-61  1=24-36 

Alumina 35-98         38-11  2  =  35-08 

Lithia 7-35  2=     9-84 

Water 32-09         32-10  10  =  30-72 

which  leads  to  the  following  formula, 

2Li03  P2  O3  +  6AI2  O3,  P,  O,  +  30  HO. 

Phosphate  of  Alumina. 

But  little  is  at  present  known  concerning  the  composition  of 
the  artificial  compounds  of  phosphoric  acid  and  alumina.  Two 
principal  salts  are  distinguished — 1,  neutral,  formed  by  the  preci- 
pitation of  a  neutral  aluminous  salt  by  2NaO,  PoO^,  to  which, 
consequently,  the  composition  2AI2  O3,  3P.i05  is  assigned;  and  2, 
a  basic  salt,  which  is  formed  by  dissolving  the  former  in  an  acid 
and  precipitating  it  by  excess  of  ammonia.  This  is  usually  re- 
garded as  4Alo  O3,  3Pc2  O5,  although  we  are  unacquainted  with  any 
analysis  of  it.  We  know  that  a  compound  of  phosphoric  acid  and 
alumina  is  not  decomposed  by  fusion  with  carbonate  of  potash, 
because  a  large  portion  of  it  is  dissolved  out  with  the  excess 
of  alkali  when  it  is  washed  with  water.  Berzelius,  in  analysing 
wavellite,  made  use  of  a  method  in  which  the  decomposition  was 
effected  by  heating  it  to  redness  with  a  mixture  of  an  alkaline  car- 
bonate and  silica.  Fuchs  also  used  basic  silicate  of  potash  with  the 
same  view.  But  Berzelius's  method  is  somewhat  tedious,  and  the 
addition  of  silica  always  causes  a  portion  of  it  to  remain  in  the  alka- 
line liquid,  and  on  evaporating  it  and  adding  carbonate  of  ammonia 
it  cannot  be  entirely  removed.  This  is  more  completely  effected  by 
using  a  solution  of  oxide  of  zinc  in  carbonate  of  ammonia,,  but  the 
subsequent  separation  of  the  zinc  renders  the  process  still  more  com- 
plex. Tlie  object  is  attained  more  rapidly  by  dissolving  the  sub- 
stance in  a  sufficient  quantity  of  sulphuric  acid  which  has  been  pre- 
viously diluted  with  an  equal  bulk  of  water,  and  then  adding  a 
proper  quantity  of  potash,  which  is  also  dissolved  by  heat.  The 
whole  is  then  mixed  with  a  considerable  quantity  of  alcohol  of  0-863 
sp.  gr.,  and  set  aside  for  some  hours.  Alum  and  sulphate  of  potash 
then  separate,  whilst  the  sulphuric  and  phosphoric  acids  remain  in 
solution.  It  is  filtered,  washed  with  alcohol,  the  residue  dissolved 
in  water  and  the  alumina  precipitated  by  ammonia.  The  alkaline 
filtrate  is  treated  with  water,  evaporated  until  the  alcohol  is  removed, 
supersaturated  with  ammonia  (whereby  a  few  millegrammes  of  a  pre- 
cipitate are  produced,  arising  from  a  trace  of  alumina)  and  precipitated 
with  chloride  of  calcium.  The  precipitated  liquid  should  be  filtered 
with  exclusion  of  the  air,  as  it  constantly  contains  sulphate  of  lime ; 


With  silica  and 

With  silica  and 

With  sulphuric  acid 
and  sulph.  potash. 

sulph.  potash. 

carb.  soda. 

37-55 

41-85 

38-62       36-92 

26-34 

26-14 
33-05 

•24-50 
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it  is  washed  for  a  short  time  only,  dissolved  in  muriatic  acid,  and 
some  alcohol  added  to  the  water  with  which  it  is  diluted.  On  filtra- 
tion, the  sulphate  of  lime  remains,  and  ammonia  precipitates  pure 
phosphate  of  lime  only. 

a.  So-called  neutral  Phosphate  of  Alumina. — If  a  solution  of  alum 
is  fnixed  with  one  of  ordinary  phosphate  of  soda  until  the  latter 
produces  no  further  precipitate,  the  filtered  liquid,  which,  although 
containing  excess  of  the  alkaline  precipitant,  reacts  strongly  acid,  is 
free  from  alumina,  but  contains  a  considerable  amount  of  phos- 
phoric acid.  It  might  thus  be  readily  imagined  that  the  decompo- 
sition which  ensues  here  is  similar  to  that  in  the  case  of  silver, 
where,  as  we  know,  (2NaO,  HO)p2  05  throws  down  3AgO,  P2O5. 
The  precipitate,  when  carefully  washed  and  dried  in  the  air,  forms 
a  white,  very  loose  and  hygroscopic  powder,  which  after  having 
been  dried  in  a  stove,  loses  39-17  per  cent,  of  water  at  a  red  heat. 
When  dried  in  vacuo  over  sulphuric  acid,  it  lost  in  four  experiments 
30-63-33-05  per  cent.     The  results  of  its  fvuther  analysis  were, — 


Phosphoric  acid    35-07 

Alumina 

Water 39-17 

The  quantities  of  oxygen  in  the  alumina  and  phosphoric  acid  in 
all  these  analyses  approximate  to  the  proportion  of  3  :  5  ;  the  com- 
pound is  certainly  =  Al^Oj,  P2O5,  but  the  quantity  of  water  it  con- 
tains varies,  inasmuch  as  the  salt  dried  in  the  air  contains  9  eq.,  that 
over  sulphuric  acid  sometimes  8,  sometimes  7  and  6  eq.  It  is  pro- 
bable that  the  latter  number  of  equivalents  of  water  belong  to  a  de- 
finite hydrate,  and  the  intermediate  grades  correspond  to  a  mixture 
of  salts  containing  6  and  9  eq.  of  water. 

b.  So-called  basic  Phosphate  of  Alumina. — To  procure  this,  the 
previously  described  salt,  whilst  still  moist,  was  dissolved  in  hydro- 
chloric acid  and  precipitated'  with  ammonia.  The  precipitate  is 
still  more  transparent  and  gelatinous  than  the  former,  and  is  washed 
with  greater  difficulty. 

The  Mlt  dried  at  212°  in  a  water- 
Tbe  salt  dried  In  the  »lr  yielded —  bath  gave, — 

With  tllica  and  With  alllca  and  With  s\ili)hurlc  acid 

carb.  soda.  corb.  soda.        and  Kul|m.  potash. 

Phosphoric  acid  34-57      3  =  36-81  37-04  3  =  38-61 

Alumina 30-78      4  =  35-34        37-27  37-30  4  =  37  06 

Water . . . (28-92)  29'04    1 8  =  2785        23-79  1 6  =  2433 

The  compound  is  consequently  4A1,03,  3P,0s,  and  contains  when 
dried  in  the  air  18  eq.  of  water,  at  212    however  only  15  eq. 

Vauquelin  has  stated,  that  when  phosphate  of  alumina  is  digested 
with  a  solution  of  carbonate  of  potash,  it  is  converted  into  pure  alu- 
mina. In  repeating  this  cx])eriment,  allowing  the  digestion  to  con- 
tinue for  fourteen  uaya  and  then  boiling  the  mixture,  it  was  found 
that  a  part  (one-fourth)  only  of  the  acid  of  the  Hup])u8ed  neutral 
pbospliate  of  alumina  was  removed  during  its  convcrsiun  into  the  %o- 
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called  basic  salt.  Of  the  methods  recommended  for  analysing  an 
aluminous  precipitate,  especially  after  it  has  been  heated  to  redness, 
the  author  found  that  of  Otto,  by  means  of  a  magnesian  salt,  the  best. 
It  is  not  however  applicable  to  quantitative  analysis,  as  it  always 
yields  too  little. 

Vivianite. 

We  have  already  several  analyses  of  this  mineral,  which  however 
differ  considerably,  and  do  not  give  its  real  composition,  as  all  the 
iron  it  contains  is  estimated  as  protoxide,  although  both  the  proto- 
and  peroxide  enter  into  its  composition.     They  are  as  follows  : — 

From  the  Isle  of     Bodenmais    From  St.  Agnes  in    From  New  Jersey.  From  Kertsch  in 

France  (Laugier).     (Vogel).    Cornwall  (Stromeyer).       (Thomson).  Crimea  (Segeth). 

Phosphoric  acid  21           264            3M825                   2606  24-95 

Protoxide  of  iron  45          410            412266                   46-31  48-79 

Water ._34          3V0            274834                  2714  2626 

100  98-4  99-8934  99-51  100- 

The  author  analysed  a  variety  of  vivianite,  which  was  indistinctly 
crystallized  in  the  form  of  needles  ;  it  came  from  the  Mulica  hills  in 
New  Jersey  (and  was  probably  the  same  as  that  analysed  by  Thom- 
son, and  which  he  called  Mullicite); — and  also  the  well  known  cry- 
stalline variety  from  Bodenmais. 

1.  Vivianite  from  New  Jersey. — a.  The  solution  of  the  mineral  in 
muriatic  acid  was  precipitated  by  ammonia  and  hydrosulphuret  of 
ammonia  ;  the  sulphuret  of  iron  was  dissolved  in  nitro-muriatic  acid 
and  precipitated  by  ammonia ;  the  phosphoric  acid  was  thrown  down 
from  the  former  solution  by  chloride  of  calcium.  In  a  second  expe- 
riment (jb)  the  fossil  was  heated  to  redness  in  dry  hydrogen  gas,  and 
the  water  which  escaped  was  estimated. 

The  muriatic  solution  was  evaporated  to  dryness,  then  fused  with 
carbonate  of  soda,  to  estimate  the  oxide  of  iron.  Finally  (c),  a  por- 
tion of  the  mineral  was  boiled  with  dilute  muriatic  acid  and  a  weighed 
portion  of  copper,  until  the  whole  of  the  iron  was  reduced  to  the 
state  of  protoxide. 

2.  Vivianite  from  Bodenmais. — The  mineral  was  at  first  treated  as 
above  with  copper,  the  solution  freed  from  copper  by  sulphuretted 
hydrogen,  evaporated  to  dryness,  the  residue  heated  to  redness  with 
carbonate  of  soda,  washed  with  water,  and  thus  the  oxide  of  iron 
and  phosphoric  acid  estimated  in  the  usual  way.  If  we  first  of  all 
suppose  the  whole  of  the  iron  to  exist  in  the  form  of  peroxide,  the 
analyses  yield, — 

From  New  Jersey.      From  Bodenmais. 
a.  b. 

Phosphoric  acid 2840  29-01 

Peroxide  of  iron    4974         49-36  51-21 

Water    27*49 

But  the  peroxide  of  iron  estimated  in  c  amounts  in  the  vivianite  of 
New  Jersey  barely  to  12-06  per  cent.,  in  that  of  Bodenmais  to 
11-60  per  cent.,  so  that  the  remainder  must  be  considered  as  prot- 
oxide of  iron.     '^The  mean  quantities  of  these  results  calculated  with 
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this  view  yield  as  follows  : — 28*60  per  cent,  phosphoric  acid,  34*82 
per  cent,  protoxide  of  iron,  11*91  per  cent,  peroxide  of  iron,  and 
27*49  of  water. 

Vivianite  is  isomorphous  with  cobalt  bloom,  the  composition  of 
which,  according  to  Kersten,  is  =  SCO,  2ASO5  +  8H0.  Vivianite 
is  likewise  in  its  origin  3FeO,  P2  O5  +  8H0  ;  but  we  ordinarily  find 
it  only  in  pseudomorphous  crystals,  which  nevertheless  possess  all 
the  characters  of  genuine  crystals,  for  instance  in  their  perfect  clea- 
vage. One  portion  of  the  protoxide  has  become  more  highly  oxidized, 
and  thus  the  blue  colour  of  the  mineral  is  produced,  which  is  origin- 
ally white,  as  is  shown  by  the  impure  earthy  varieties.  Exactly  the 
same  takes  place  with  the  artificial  protophospbate  of  iron,  which 
passes  more  rapidly  into  the  double  salt  of  the  protoxide  from  its 
aggregated  condition,  and  which  exhibits  the  composition  of  vivianite, 
except  that  it  contains  more  peroxide.  The  formula  of  vivianite 
should  thus  clearly  illustrate  what  change  has  taken  place  in  this 
oxidation ;  and  this  is  exactly  the  case  if  the  mineral  contains  3 
eq.  of  peroxide  of  iron,  18  eq.  of  protoxide  of  iron,  8  eq.  of  phos- 
phoric acid,  and  06  eq.  of  water.  The  quantity  of  water  is  the  same 
in  both  phosphates,  and  agrees  exactly  with  that  contained  in  the 
artificial  salt. 

Bearing  these  facts  in  mind,  we  arrive  at 

6(3FeO.P2  03  +  8HO)  +  (SFe^^O^,  2PoO,-F8HO) 
as  the  formula  for  vivianite ;  and  calculation  according  to  this  re- 
quires 29*10  per  cent,  phosphoric  acid,  33*00  protoxide  of  iron,  12*22 
peroxide  of  iron,  and  25*68  water.     Now  as  the  artificially  prepared 
compound  merely  diflfers  from  vivianite  in  containing  2  eq.  only  of 
the  proto-salt,  and  perhaps  this  alone  yields  a  blue  compound,  which 
also  exists  in  vivianite,  its  formula  may  be  constructed  thus  : 
4(3FeO.PaOi  +  8HO)-H 
[2(Fe3  03P20,  -H  8H0)  +  (SFe^O^,  2P4O3  +  8HO)] 

Thus  we  at  once  see  how  the  perphosphate  of  iron,  3Fe„03,  2P,0j 
-H  8H0,  is  formed  from  3Fe0  2P2  0j  +  8HO.  2  eq.  of  "the  latter 
have  exchanged  half  the  water  for  3  eq.  of  oxygen,  for 

2(3FeO,  P^O.-I-SHO)  =  6Fe  60  +  2P^Os-»-16HO 
3Fe20„2P,,Oj-f-  8H0  =  6Fe90-J-2P,05-|-8HO. 

Phosphate  of  the  Proto-  and  Peroxide  of  Iron. 
It  is  well  known  that  phosphate  of  soda,  (2NaO,  HO)  P0O5,  throws 
down  a  white  precipitate,  which  subsequently  becomes  blue,  from  a 
solution  of  the  protosalts  of  iron.  If  1  eq.  of  j)hosphate  of  soda  is 
used  to  2  of  crystallized  protosulphatc  of  iron,  the  liquid  separated 
from  the  precipitate  is  colourless,  but  strongly  acid,  whilst  the  salt 
of  iron  has  a  sliglitly  acid  reaction,  and  the  salt  of  soda  itself  is  pow- 
erfully alkaline.  It  contains  a  considerable  quantity  of  phosphoric 
acid,  as  well  a*  a  small  quantity  of  protoxide  of  iron  ;  hence  the  pre- 
cipitate cannot,  as  has  usually  been  considiTcd,  consist  of  2FcO, 
P,  Om  but  of  3FcO,  Pv  0»,  ana  is  thus  analogous  to  the  silver  salt. 
Ine  precipitate  quickly  becomes  blue  on  the  filter ;  when  dried  in  the 
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air  it  forms  a  bright  blue  powder,  which  is  perfectly  undistinguish- 
able  from  blue  iron  ore.  In  the  water-bath  it  loses  a  portion  of 
its  water  and  becomes  green.  In  its  analysis,  a  method  exactly 
similar  to  that  used  for  vivia  nite  was  adopted,  and  gave  the  follow- 
ing results : — 


I. 

ir. 

P.03 .. 

32-55 

29-85 

31-20 

4  =  29-83 

FeO    . 

20-63 

21-95 

21-29 

6  =  22-55 

Fe^Oa. 

25-58 

25-58 

25-28 

3  =  25-06 

HO..  . 

21-93 

24  =  22-56 

This  compound  may  be  expressed  by  the  formula 

2(3FeO,  Pc,  O,  +  8H0)  +  (SFe^  O3.  2?^  O,  +  8H0). 

Perphosphate  of  Iron. 

If  a  neutral  solution  of  a  persalt  of  iron,  as  ammonio-sulphate  of 
iron,  be  precipitated  with  phosphate  of  soda  (2NaO,  HO)  P.^  O5.  the 
filtered  solution  has  an  acid  reaction,  although  it  contains  an  excess 
of  phosphate  of  soda ;  hence  the  precipitate  does  not  correspond  in 
composition  to  the  phosphate  of  soda,  but  must  be  a  basic  com- 
pound.    It  yielded  on  analysis, — 

P2O5     ....      36-50  1=38-10 

Fe^Og  ....      41-90  1  =42-69 

HO   20-30  4  =  19-21 

A  compound  possessing  the  same  composition  is  obtained  by 
adding  phosphate  of  soda  by  drops  to  a  solution  of  protosulphate  of 
iron,  until  the  precipitate  ceases  to  be  redissolved.  The  solution  when 
filtered  becomes  turbid  by  exposure  to  the  air  and  deposits  a  yellow- 
ish-white granular  precipitate,  which  when  washed  is  identical  with 
the  above  salt. 

Basic  Perphosphate  of  Iron. 

By  the  action  of  alkalies  a  portion  of  the  acid  is  removed  from 
the  perphosphate  of  iron,  and  two  basic  salts  are  formed.  A.  If  the 
salt  be  dissolved  in  a  small  quantity  of  muriatic  acid,  excess  of  am- 
monia be  then  added  and  heat  applied,  a  bright  brown  basic  salt  is 
formed.  Its  formula  is  3Fe.^  O3,  2Po  O3  +  16 HO,  or  2(Fe.^  O3,  P.^  O5 
+  5H0)  -f  Fe,^  O3  6H0.  B.  If  the  perphosphate  of  iron  formed  in 
this  manner,  or  by  precipitation,  be  digested  for  a  considerable  time 
with  dilute  solution  of  potash,  the  whole  of  the  phosphoric  acid  is 
not  removed  from  the  oxide  of  iron.  This  substance  is  a  very  basic 
salt  of  definite  composition,  which  suffers  no  further  decomposition 
from  an  excess  of  alkali.     It  consists  of — 

P2O, 5-71  1  =    5-68 

Fe^Os 94-29  19  =  94-32 

and  is  consequently  loFe^  O3,  Pg  O3. 

Phosphate  of  Lime. 
In  the  above  experiments  it  very  frequently  happened  that  a  liquid 
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rendered  acid  by  muriatic  acid,  and  containing  soda  as  well  as  phos- 
phoric acid,  was  digested  for  a  considerable  time  with  a  mixture  of 
chloride  of  calcium  and  ammonia  in  excess,  for  the  purpose  of  pre- 
cipitating the  phosphoric  acid.  The  precipitate  was  heated  to  red- 
ness, dissolved  in  hydrochloric  acid,  and  decomposed  by  sulphuric 
acid  and  alcohol.  The  phosphoric  acid  in  an  average  of  fourteen  ex- 
periments amounted  to  45*71  per  cent.,  consequently  the  compound 
consisted  of  3CaO,  P^  O5.  If,  however,  a  pure  solution  of  2NaO, 
PgO^  be  precipitated  by  a  mixture  of  chloride  of  calcium  and  ammo- 
nia, we  obtain  2CaO,  R^  O5.  According  to  Berzelius,  the  same  pre- 
cipitate is  formed  by  adding  the  salt  of  soda  to  the  solution  of  chlo- 
ride of  calcium  by  drops.  If,  however,  the  method  of  proceeding  be 
reversed,  and  the  addition  of  the  precipitant  be  continued  as  long  as 
the  liquid  has  an  alkaline  reaction,  or  the  lime  salt  be  added  to  a  so- 
lution of  phosphate  of  ammonia  containing  free  ammonia,  8CaO, 
3P2  O5  is  formed.  2CaO,  Pg  O5  is  crystalline,  both  the  basic  salts 
are  gelatinous,  and  5CaO,  Pg  O5  is  mucous,  resembling  in  this  respect 
precipitated  fluoride  of  calcium. — Poggend.  Annul. ,  vol.  Ixiv.  p.  251- 
271,  and  405-425. 


ANALYSIS  OF  TAURINE. 

Professor  Redtenbacher  of  Vienna,  formerly  a  pupil  of  Liebig, 
has  subjected  taurine  (the  asparagine  biliaire  of  Gmelin)  to  a  new 
analysis,  and  has  found  it  to  contain  26  per  cent,  of  sulphur ;  this 
substance,  on  account  of  the  regularity  of  its  crystalline  form,  is 
one  of  the  most  beautiful  presented  by  organic  chemistry.  The 
chemists  who  have  analysed  taurine,  overlooked  the  i)resence  of 
sulphur,  and  gave  as  its  formula,  C^H'NO'o. — Journ.  de  Pkartn.  et  de 
Ch..  Juin  1845. 


DOUBLE  SALT  OF  [bi]CHL0R1DE  OF  MERCURY  AND  ACETATE  OF 

COPPER. 

M.  Wohler  formed  this  double  salt  by  mixing  cold  saturated  so- 
lutions of  its  component  salts. 

The  comj)ound  is  gradually  deposited  in  concentric  hemispheric 
crystals  of  a  deep  blue  colour  and  great  beauty.  It  is  nearly  inso- 
luble in  cold  water ;  in  boiling  water  it  is  converted  into  a  bright 
green  powder,  and  bichloride  of  mercury  remains  in  solution. 

According  to  repeated  analyses  performed  by  M.  Hvitteroth,  and 
which  agreed  satisfactorily,  the  blue  comj)ound  is  formed  of  two 
equivalents  of  chloride  and  one  equivalent  of  anhydrous  basic  acetate 
of  copper,  or  in  100  parts,  of — 

[Bi]  chloride  of  mercury    ....      67*65 
Acetate  of  copper 32*35 

foo^ 

Journ.  de  Pharm.  et  de  Ch,,  Juin  1845. 
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RAIN  DURING  THE  PRESENT  YEAR. 

Mr.  Luke  Howard  has  furnished  us  with  the  following  monthly 
amounts  of  rain  for  this  year  up  to  the  end  of  August  inclusive  : — 

January   ....      083" 

MarX7  : :  ; .'      l-85  ^  ^'^^  fi""'*  ^"'^'^  "'°^*«- 

April    1-36 

May 200 

T  I       „.Q-  S>13"40  last  four  months. 

August. .....      4-36  J  IS  09 

18'09  in  the  eight  months, 
the  usual  average  of  a  year  being  26  inches. 


METEOROLOGICAL  OBSERVATIONS  FOR  AUG.  1845. 

Chiswick. — August  1.  Fine:  cloudy:  overcast.    2.  Very  heavy  rain.    3.  Cloudy 
showery  :  partially  overcast.      4.  Cloudy:  fine:  clear.      5.   Showery.     6.  Very 
fine.       7.  Rain :  thunder-showers  in  afternoon :    clear.      8.    Fine.      9.   Rain 
boisterous,  with  rain.     10.  Overcast.     11.  Heavy  showers  :  thunder.     12.  Over- 
cast.    13.   Slight  rain  :  cloudy  :  showers.      14.  Densely  clouded.     15.  Cloudy 
clear  and  fine.     16,17.   Cloudy.     18.  Very  fine  :  rain.     19.  Foggy  :  heavy  rain 
20.  Very  clear:  cloudy.    21.  Very  fine.    22.  Cloudless  and  very  fine.     23.  Over 
cast :  rain  at  night.     24.  Very  fine.     25.   Foggy  :  very  fine  :  rain  at  night.     26, 
27.  Fine.      28.  Clear  :  cloudy.      29,30.  Bright  sun  and  very  fine.      31.  Slight 
haze :    very   fine :    overcast — Mean   temperature   of  the   month  2°  below  the 
average. 

Boston. — Aug.  I.  Windy;  rain  yesterday  (rain  p.m.).  2.  Fine  :  rain  a.m.  and 
r.M.  3.  Cloudy.  4.  Rain.  5.  Cloudy  :  rain  a.m.  and  p.m.  6.  Cloudy.  7. 
Cloudy  :  hail  and  rain,  with  thunder.  8.  Cloudy.  9.  Cloudy  :  rain  early  a.m. 
10.  Cloudy:  rain  early  A.M.  :  rain  a.m.  11.  Cloudy :  rain  p.m.  12.  Cloudy: 
lain  early  a.m.  13.  Cloudy.  14.  Cloudy :  rain  a.m.  and  p.m.  15.  Cloudy: 
rain  early  a.m.  :  rain  p.m.  16 — 18.  Cloudy.  19.  Rain  :  stormy  p.m.  :  rain  a.m. 
and  p.m.  20.  Stormy.  21.  Fine:  rain  p.m.  22,  Fine.  23.  Fine :  rain  p.m. 
24.  Fine.  25.  Fine :  rain  p.m.  26.  Fine:  rain  p.m.,  with  thunder  and  light- 
ning. 27.  Fine.  28.  Cloudy.  29,30.  Foggy.  31.  Fine.— Not  so  much  rain 
in  one  month  since  August  1831,  nor  so  cold  an  August  since  August  1833. 

Sandwich  Manse,  Orkney. — Aug.  1.  Bright :  clear.  2.  Bright :  cloudy.  3. 
Rain:  rain  and  cloudy.  4,  ISain  :  showers.  5.  Cloudy:  fine.  6.  Bright: 
cloudy.  7.  Damp  :  rain,  8.  Much  rain  ;  rain.  9.  Bright :  clear.  10.  Bright: 
damp.  11.  Cloudy  :  drizzle.  12.  Cloudy,  13.  Cloudy :  drizzle.  14,15. 
Showers.  16.  Showers:  cloudy.  17.  Bright :  damp.  18,19.  Showers:  cloudy. 
20.  Rain:  showers.  21.  Bright:  cloudy.  22.  Cloudy  :  rain.  23.  Bright: 
showers,  24.  Clear.  25.  Rain  :  clear.  26.  Much  rain  :  rain.  27.  Bright : 
clear.  28.  Cloudy:  clear.  29.  Cloudy :  damp.  30.  Showers:  drizzle.  31. 
Fog :  drizzle. 

Applegarlh  Manse,  Dumfries-shire. — Aug.  1 — 3.  Showery.  4.  Rain  heavy  a.m. 
5,  6.  Slight  showers.  7.  Fine  and  fair  :  a  few  drops.  8.  Fine  and  fair.  9.  Rain 
all  day.  10,  Slight  shower.  11.  Fine  :  a  few  drops.  12 — 16.  Fine.  17.  Rain 
from  11  a.m.  18.  Shower.  19.  Showers.  20.  Fair,  but  cloudy.  21.  Fair 
and  fine.  22.  Fair,  but  cloudy:  stormy  and  rain  p.m.  23.  Heavy  showers. 
24.  Fine  after  one  shower  a.m.  25.  Heavy  rain :  thunder.  26.  Fine  :  one 
shower.  27.  Fair  and  fine.  28.  Very  fine  and  clear.  29.  Fine,  but  cloudy. 
30,  31.   Very  fine. 

Mean  temperature  of  the  month ,,,  56''*4 

Mean  temperature  of  Aug.  1844 , 54  "6 

Mean  temperature  for  23  years  , 57  '0 
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XLIX.  A  Theoretical  Explanation  of  the  Aberration  of 
Light.  By  the  Rev.  J.  Challis,  M.A,,  Plumian  Professor 
of  Astronomy  in  the  University  of  Cambridge^. 

T  the  meeting  of  the  British  Association  held  at  Cam- 
bridge last  June,  I  brought  forward  a  theory  of  the 
aberration  of  light,  the  same  in  principle  as  that  which  forms 
the  subject  of  this  communication,  but  requiring  some  eluci- 
dation with  respect  to  its  applicability  on  the  undulatory  hy- 
pothesis of  light.  My  present  object  is  to  show  how  it  applies 
on  that  hypothesis,  and  for  this  purpose  I  proceed  to  state, 
first,  the  general  principle  of  the  theory. 

Let  s  and  w  (fig.  1)  be  simulta-  Fig.  1. 

neous  positions  of  two  visible  ob- 
jects, one  of  which,  s,  is  fixed  in 
space  while  the  other  is  carried  by 
the  earth's  motion  with  the  eye  of 
the  spectator.  For  instance,  5  may 
be  a  star,  and  w  the  wire  of  a  tele- 
scope. Let  the  straight  line  joining 
the  positions  5  and  to  be  produced 
to  meet  the  straight  line  e^e^,  in 
which  the  spectator's  eye  is  moving 
in  the  point  <?'.  Take  <?'  e  \.o  e'lso  in 
the  ratio  of  the  earth's  velocity  to 
the  velocity  of  light;  and  let  e  and 
mo  be  simultaneous  positions  of  the  eye  and  the  object  w.  Now 
the  light  which  started  from  U'  in  the  direction  we'  at  the  in- 
stant the  eye  was  at  e,  arrives,  in  company  with  light  from  s,  at 
ef  when  the  eye  comes  to  the  same  point;  and  the  eye  receives 
the  impression  that  vo  and  s  are  in  the  same  direction,  because 
it  receives  light  from  each  object  proceeding  in  the  common 
•  Communicated  by  the  Author. 
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direction  swe'.  But  at  this  instant  the  object  la  is  at  w'  (raw' 
being  taken  equal  and  parallel  to  g^),  and  the  directions  of 
the  objects  from  ^  are  really  separated  by  the  angle  s  e'  isd. 

Let  us  now  consider  two  objects  whicn  both  partake  of  the 
earth's  motion,  and  let  p^  w,  and  e^  be  simultaneous  positions 
of  the  objects  and  the  spectator's  eye  in  the  same  straight 
line.  Draw  pjJ  and  w^'iy'  parallel  and  equal  to  ^ye*',  and  join 
^w'ja'.  Then,  since  iio,w  is  to  wp  in  the  ratio  of  the  earth's 
velocity  to  the  velocity  of  light,  it  follows  that  the  object  at  to^ 
and  the  light  which  started  from  j^  in  the  direction  pw  when 
the  eye  was  at  ep  arrive  at  w  at  the  same  instant.  Hence  the 
eye  at  e'  receives  at  the  same  time  light  from  p  and  w  coming 
in  the  common  direction  pwe',  and  consequently  sees  the  two 
objects  in  the  same  direction  when  they  are  really  at  p'  and 
w/,  and  therefore  really  in  the  same  direction  from  e'. 

It  thus  appears  to  be  a  necessary  consequence  of  the  earth's 
motion  and  the  temporaneous  and  rectilinear  transmission  of 
light,  without  making  any  hypothesis  about  the  nature  of  light 
or  the  manner  in  which  the  eye  receives  impressions,  that  the 
directions  of  two  objects,  one  of  which  partakes  of  the  earth's 
motion  and  the  other  is  fixed  in  space,  are  separated  by  a  cer- 
tain angle  when  they  appear  to  l)e  coincident,  while  two  ob- 
jects, both  of  which  partake  of  the  earth's  motion,  are  really 
in  the  same  direction  when  they  are  seen  in  the  same  direc- 
tion. The  angle  of  separation,  it  is  plain  from  the  figure,  is 
equal  to  the  ratio  of  the  earth's  velocity  to  the  velocity  of 
light,  multiplied  by  the  sine  of  the  angle  which  the  direction 
ot  the  earth's  motion  makes  with  that  in  which  the  light  comes. 
This  result  is  a  complete  explanation  of  the  pluenomenon  of 
aberration,  if  only  the  following  remark  be  added,  which,  as 
far  as  I  am  aware,  has  not  been  before  made  with  reference 
to  this  subject.  The  visual  direction  of  a  celestial  object  is 
necessarily  referred  to  the  visual  direction  of  an  object  which 

Kartakes  of  the  earth's  motion,  and  astronomical  observation 
as  discovered  that  these  directions  are  relatively  aft'ected  by 
aberration,  but  does  not  determine  whether  the  star  or  the 
wire  of  the  telescope  is  seen  out  of  its  true  place.  We  are 
therefore  at  liberty  to  suppose,  as  the  foregoing  theory  re- 
quires, tliat  the  apparent  place  of  the  •wi7e  is  allected  by  aber- 
ration. It  is  clear  that  observations  of  terrestrial  objects 
alone  could  not  detect  aberration  (its  nuiximum  amount  being 
very  Hmall),  dimply  for  the  reason  that  two  objects  partaking 
of  the  eartli'it  motion  are  really  in  the  same  direction  when 
they  appear  to  be  so,  thougii  they  may  not  be  tieen  in  their 
true  direction.  On  this  account  geodetical  observationti  are 
unaifcctud  by  the  uberrutiou  of  ligltt. 
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It  will  be  seen  that  in  the  above  explanation  it  is  assumed 
that  light  travels  from  the  object  to  the  eye  in  a  straight  line. 
According  to  the  emission  theory  of  light  such  is  the  case,  and 
if  this  view  of  the  nature  of  light  be  adopted,  nothing  further 
need  be  said.  The  same  would  be  true  on  the  undulatory 
hypothesis,  if  we  might  suppose  the  aether  to  be  absolutely  at 
rest.  But  it  is  impossible  to  conceive  that  the  earth  can  move 
through  space  without  communicating  some  motion  to  the 
aether  which  surrounds  and  pervades  it.  It  is  therefore  ne- 
cessary, if  we  adopt  the  undulatory  theory,  to  inquire  how 
far  the  preceding  explanation  will  be  modified  by  taking  ac- 
count of  the  motion  of  the  aether.  And  here  I  may  remark, 
that  the  theory  I  am  explaining  is  widely  different  from  that 
which  Mr.  Stokes  has  proposed  in  the  July  number  of  this 
Journal.  According  to  Mr.  Stokes's  views,  the  phaenomenon 
of  aberration  is  entirely  owing  to  the  motion  which  the  earth 
impresses  on  the  aether,  and  which  at  the  earth's  surface  he 
supposes  to  be  equal  to  the  earth's  motion.  On  the  contrary, 
I  have  to  show  that  the  amount  of  aberration  will  be  the  same 
whatever  be  the  motion  of  the  aether,  and  if  this  cannot  be 
shown,  the  undulatory  theory,  and  not  the  foregoing  expla- 
nation, is  at  fault.  I  am,  however,  so  fully  persuaded  of  the 
truth  of  the  undulatory  theory,  that  I  have  no  doubt  this  pro- 
position admits  of  proof,  and  the  following  I  consider  to  be 
satisfactory. 

Let,  as  before,  e  and  iso  (fig.  2)  be  simultaneous  positions  of 
the  eye  of  the  spectator  and  a  terrestrial  object,  as  the  wire  of 
a  telescope,  and  let  luminous  waves  from  a  distant  fixed  object, 

Fig.  2. 


as  a  star,  proceed  in  the  direction  sw^,  accompanied,  after 
reaching  iso,  by  waves  fromw,  so  that  the  eye  at  ^receives  the 

Y2 
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impression  that  to  and  5  are  in  the  same  direction.  Suppose 
the  aether  which  is  situated  between  ^  and  tw  to  be  moving 
with  a  uniform  velocity,  and  let  ne^  represent  in  magnitude 
and  direction  tiie  space  through  which  it  is  carried  while  light 
travels  from  to  to  ^.  The  line  n  e?  may  be  of  any  magnitude 
less  than  ^  e,  and  in  any  direction  not  necessarily  in  the  plane 
eixiisd  ^.  Join  "din.  Now  the  motion  of  the  luminous  waves 
from  WJ  to  ^  is  compounded  of  two  motions  represented  by 
W72  and  n^,  the  former  of  which'  is  due  to  the  motion  of  pro- 
pagation of  the  wave  through  the  aether,  and  the  other  to  the 
motion  of  the  aether  itself.  It  is  well  known  that  the  motion 
of  propagation  is  in  the  direction  of  a  normal  to  the  front  of 
the  wave,  and  that  the  front  of  a  given  wave  continues  par- 
allel to  a  given  plane  so  long  as  it  is  propagated  through  fluid 
at  rest,  or  through  fluid  moving  with  a  uniform  velocity  in  a 
given  direction.  Also  the  normal  to  the  front  of  a  wave  is  in 
the  direction  of  vision.  Hence  if  e?  ^  be  drawn  parallel  to 
WTO,  this  will  be  the  common  direction  in  which  the  objects  to 
and  5  will  be  seen.  Consequently,  if  the  front  of  the  wave  re- 
tained its  parallelism  the  whole  distance  from  the  object  to  the 
eye,  the  true  direction  of  the  celestial  object  s  from  e'  would 
be  e'5',  when  the  true  direction  of  the  terrestrial  object  to 
from  ^  is  e'  to'.  The  aberration  would  consequently  be  an 
angle  s'e'to',  different  from  the  angle  toe' to',  which  is  known 
from  observation  to  be  the  actual  angle  of  aberration. 

It  is  not,  however,  true,  as  we  have  supposed  above,  that 
the  front  of  a  wave  continues  parallel  to  itself  in  passing 
through  the  aether  put  in  motion  by  the  earth's  motion.  For 
evidently  the  wave  is  propagated  through  portions  of  the 
sether  moving  with  different  velocities  in  different  directions, 
and  the  effect  this  circumstance  has  in  altering  the  direction 
of  the  normal  to  the  front  of  the  wave  must  now  be  consi- 
dered. For  the  following  method  of  calculating  this  effect,  I 
am  indebted  to  the  very  ingenious  and  original  mathematical 
reasoning  contained  in  Mr.  Stokes's  communication  above  al- 
luded to.  I  have  only  given  the  reasoning  a  more  geometri- 
cal form. 

Let  sa  (fig.  3)  be  a  portion  of  the  path  in  space  of  a  given 
point  of  a  wave  of  constant  form,  and  let  a  and  b  be  two 
points  of  the  wave  indefinitely  near  each  other  in  the  same 
phase  at  the  same  time.  Join  a  b.  Since  tiie  velocity  impressed 
on  the  flcthcr  by  the  earth's  motion  is  very  small  compared  to 
the  velocity  of  light,  ab  must  be  nearly  perpendicular  to  sa. 
Let  V,  and  V/  represent  the  velocity  of  the  uilher  at  a  and  by 
so  far  as  it  is  due  to  the  earth's  motion,  and  let  that  at  a  take 
place  in  the  direction  n  a  m.     Also  let  V  represent  the  uni- 
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form  velocity  of  propagation  of  the  wave  through  the  aether. 
Then,  since  the  point  a  with  regard  to  the  direction  of  motion 
of  the  ajther  is  in  advance  of  the  point  6,  the  velocity  of  the 
aather  is  less  at  a  than  at  b.  For  we  are  here  considering  a 
position  in  that  part  of  the  {ether  which,  with  regard  to  the 
direction  of  the  earth's  motion,  is  in  advance  of  the  earth's 
centre;  and  it  is  plain  that  if  we  trace  at  any  time  a  line  of 
motion  in  that  part,  beginning  at  the  earth's  surface  and  pro- 
ceeding in  the  direction  of  the  motion  of  the  particles  through 
which  it  passes,  the  velocity  will  be  less  the  further  we  advance 
along  this  line.  Let  the  velocities  V^  and  V/  continue  uniform 
during  the  small  time  It,  and  let  the  small  straight  lines  ae, 
b  d  be  respectively  the  spaces  through  which  the  points  a  and 
b  of  the  waves  are  carried  by  the  composition  of  these  veloci  - 
ties  with  the  unifoi'm  velocity  V.  Join  de.  Draw  ac  equal 
and  parallel  to  bd  and  join  c  d.  It  is  easy  to  see  that  as  the 
motion  of  propagation  is  less  opposed  by  the  motion  of  the 
a)ther  at  a  than  at  bf  a  e  is  greater  than  b  d,  and  inclined  to- 
"wards  b  d.  The  general  effect  of  the  aether's  motion  is,  there- 
fore, to  throw  the  normal  to  the  front  of  the  wave  more  and 
more  in  the  direction  towards  which  the  aether  is  moving;  and 
this  effect  would  be  similarly  found  to  take  place  if  we  consi- 
dered a  position  on  the  other  side  of  the  earth's  centre. 

I  proceed  now  to  calculate  the  amount  of  deviation  of  the 
normal,  and  to  determine  the  planes  in  which  it  takes  place. 
For  this  purpose  let  us  resolve  the  velocity  Vy  into  w  along  a  c, 
u  along  a  b,  which  we  may  suppose  to  be  in  a  given  direction 
perpendicular  to  ac,  and  v  along  a  straight  line  through  a 
perpendicular  to  a  b  and  a  c,  and  let  us  first  consider  the  ef- 
fect of  ii  and  tv,  abstracting  from  v.  The  point  e  will  thus  be 
in  the  same  plane  as  a  b  d  c,  and  if  u'  be  the  resolved  part  of 
V/  in  a  b,  we  have  cd  —  de,  which  is  very  nearly  c  o,  equal  to 
(?/  —  u)  8 1.     Hence  if  a  c  =  8 5,  it  follows  that  the  angle  cao 

(7l'—U)ht  n  TT  8^  1  1-1 

=  - — ^ — .    but  V  =  ^  very  nearly,  neglectmg  the  ratio 

U  —~7l 

of  Y,  to  V.    Hence  the  angle  cao  =  — ^^,  which  is  the  angle 

of  deviation  of  the  normal  in  the  plane  ca  b.  The  sum  of  all 
such  angles  for  the  whole  course  of  the  wave  may  be  found 
by  taking,  since  85  is  perfectly  arbitrary,  ac  of  such  a  length 
that  u'  at  c  is  the  same  as  11'  at  b',  or,  which  is  the  same  thing, 

supposing  u'  —  u  =  -J-  ds.     Hence  if  u,  be  the  value  of  u  at 

the  earth's  surface,  and  Uq  at  any  distant  point  of  the  course, 

the  whole  deviation  in  the  plane  of  u  and  w  =  -' ..,   ".     At  a 
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distance  much  less  than  that  of  the  moon  from  the  earth,  Uq 
must  be  quite  insensible.     Hence  for  any  celestial  body  the 

deviation  =  —.  So  the  deviation  of  the  normal  in  the  plane 
of  V  and  la  is  ^.      The   resulting   deviation   is   therefore 

'-^ — '-  in  a  plane  containing  the  direction  of  the  motion  of 

the  aether  at  the  earth's  surface  and  the  direction  of  the  course 
of  the  wave ;  that  is,  in  fig.  3,  the  plane  w  a  c,  and  in  fig.  2  the 
plane  wj  e'  w.  Now  since  n  e?  in  fig.  2  represents  the  velocity 
of  the  aether  at  the  earth's  surface,  eff  drawn  perpendicular 
town  represents   '^uf-^vf,  so  that  the  angle  e'w/,  which  is 

the  same  as  5  e'  s*,  is  equal  to \^ — ^.     This  then  is  the 

aberration  arising  from  the  different  states  of  motion  of  the 
parts  of  the  aether  through  which  the  wave  is  propagated,  in 
consequence  of  which,  when  the  normal  to  the  front  of  the 
wave  is  in  the  direction  e'  5',  the  object  is  really  in  the  direc- 
tion d  s.  Thus  the  actual  angle  of  separation  between  the  di- 
rections of  the  two  objects  5  and  w  is  5  ^  w/  when  they  are 
seen  in  the  same  direction  ^  s'.  This  angle  is  the  same  that 
we  found  without  considering  the  motion  of  the  aether,  and  it 
therefore  follows  that  the  amount  and  law  of  aberration  are 
the  same  whatever  motion  the  earth  impresses  on  the  aether. 
The  foregoing  mathematical  reasoning  does  not  appear  in 
any  respect  wanting  in  generality,  and  is  equally  true  whe- 
ther ndx  +  vdy  +  wdz  be  or  be  not  an  exact  differential.  It 
may,  however,  be  remarked,  that  as  the  angle  cao  was  found 

d  u 
to  be  equal  to  -t-8/,  so  we  might  find  the  angle  edo  equal  to 

-J- 1 1,  the  axis  of  x  being  supposed  parallel  to  a  b.     But  if 

the  form  of  the  wave  alters  in  no  respect,  the  angle  edo  is 

equal  to  the  angle  caoj  and  consequently  -p  =  — — .     So 

dv      dw      -  ,  ,  ,       ,.      -  , 

T-  =  -T-.     It  would  seem  therefore  tliat  the  motion  of  the 

cethcr  mu«t  be  such  as  to  satisfy  these  equations,  at  least  ap- 
proximately, the  reationing  being  only  approximate.  Now 
It  liapponb  lliat  whenever  the  motion  of  nn  clastic  fluid  is  such 
that  the  terms  Involving  the  squares  of  the  velocity  may  be 
neglected  (and  the  case  before  us  is  one  of  this  kind),  wu  have 
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for  determining  the  motion  the  approximate  equations  follow- 
ing: 

dx  dt^         dy  dt'        dz  d  i' 

Hence,  supposing  no  force  impressed,   we  obtain  approxi- 
mately, 

d./du      ^'^\_p.       d./du      dwX  _ 
Jl~d^)~     '     Tt\Tz~  die)  ~^' 


dt  \dy 

d  .    /dV  (^''^\     _    r. 

di\dz       dy/ 


These  equations  are  true,  not  because  the  functions  in  brackets 

do  not  contain  /,  but  because  approximately  -r-  =  -^,  — 

dw        ,dv       dw       ™  , 

=  -t— ,  and  -T-  =  -T-.       1  hus   the  correspondmg   equations 

above  are  accounted  for  without  affecting  the  generality  of  the 
previous  reasoning. 
Cambridge  Observatory,  Sept.  29,  1845. 


L.  On  the  Allotropism  of  Chlori?ie  as  connected  with  the 
Theory  of  Substitutiojis.  By  John  William  Draper, 
M.D.i  Professor  of  Chemistry  in  the  University  of  New 
York*. 

[With  a  Plate.] 

nPHE  researches  of  M.  Dumas  on  chemical  types  have 
-*■  shown  that  between  chlorine  and  hydrogen  remarkable 
relations  exist,  indicating  that  the  electrical  characters  of  ele- 
mentary atoms  are  not  essential,  but  rather  incidental  proper- 
ties. 

The  extension  of  these  researches  has  given  much  weight 
to  the  opinion  that  the  electro-chemical  theory  may  be  re- 
garded as  failing  to  account  for  the  replacement  of  such  a  body 
as  hydrogen,  by  chlorine,  bromine,  oxygen,  &c. 

I  do  not  know  that  as  yet  any  direct  evidence  has  been  of- 
fered that  the  electrical  character  of  an  atom  is  not  an  essen- 
tial quality,  but  one  that  changes  with  circumstances.  It  ap- 
pears to  be  rather  a  matter  of  inference  than  of  absolute  de- 
monstration. 

It  is  the  object  of  this  memoir  to  furnish  such  direct  evi- 
dence, and  to  show  that  chlorine,  the  substance  which  has 
given  rise  to  the  discussions  connected  with  the  theory  of  sub- 
stitutions, under  the  very  circumstances  contemplated,  has  its 
electro-chemical  relations  changed. 

*  Communicated  by  the  Author. 
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More  than  two  years  ago  I  brought  before  the  British  As- 
sociation some  of  the  facts.  They  were  subsequently  published 
in  the  Philosophical  Magazine,  in  a  memoir  on  "  Tithonized 
Chlorine,"  July  1844).  The  connexion  of  these  experiments 
with  the  discussion  between  the  theory  of  substitutions  and 
the  electro-chemical  theory  is  obvious. 

Very  recently  M.  Berzelius  has  published  an  important 
paper  on  the  Allotropism  of  Simple  Bodies  *,  the  object  of  which 
is  to  point  out  that  many  of  those  bodies  can  assume  different 
qualities  by  being  subjected  to  certain  modes  of  treatment. 
Thus  carbon  furnishes  three  forms — charcoal,  plumbago  and 
diamond. 

To  a  certain  extent  these  views  coincide  with  those  which 
have  offered  themselves  to  me  from  the  study  of  the  properties 
of  chlorine.  They  are  not,  however,  altogether  the  same.  M. 
Berzelius  infers  that  elementary  bodies  can,  as  has  been  said, 
assume  under  varying  circumstances  different  qualities.  The 
idea  which  it  is  attempted  to  communicate  in  this  memoir  is 
simply  this ;  that  a  given  substance,  such  as  chlorine,  can  pass 
from  a  state  of  high  activity,  in  which  it  possesses  all  its  well- 
known  properties,  to  a  state  of  complete  inactivity,  in  which 
even  its  most  energetic  affinities  disappear;  and  that  between 
these  extremes  there  are  innumerable  intermediate  points. 
Between  the  two  views  there  is  therefore  this  essential  differ- 
ence ;  from  the  former  it  does  not  appear  what  the  nature  of 
the  newly-assumed  properties  may  be;  from  the  latter  they 
must  obviously  be  of  the  same  character,  and  differ  only  in  in- 
tensity or  degree,  diminishing  from  stage  to  stage  until  com- 
plete inactivity  results. 

In  the  case  of  chlorine,  the  same  activity  which  is  commu- 
nicated by  the  indigo  rays  can  also  be  communicated  by  a  high 
temperature,  or  by  the  action  of  platina.  The  term  "  titho- 
nized chlorine,"  which  I  formerly  used,  is  therefore  too  re- 
stricted, and  indeed  in  this  view  of  the  case  improper.  The 
simple  appellations  active  and  passive,  are  perhaps  the  best, 
and  I  shall  therefore  employ  them. 

The  points  which  this  memoir  is  intended  to  establish  are, — 

I.  That  chlorine  gas  can  exist  under  two  forms.  In  the 
same  way  timt  metallic  iron  can  exist  as  active  or  passive  iron, 
ciilorinc  can  assume  the  active  or  passive  state. 

II.  Having  established  the  fact  of  the  allotropism  of  chlo- 
rine, I  siiall  then  show  its  connexion  with  the  Theory  of  Sub- 
stitutions of  M.  I)un)as,  and  how  the  most  remarkable  ))oints 
in  that  theory  may  be  easily  accounted  for. 

The  time  perhaps  has  not  yet  arrived  for  offering  a  com- 

*  A  tranKJutioi)  of  tliit  pnpcr  wus  published  in  Tn}'lor's  Scientific  Mc- 
moin,  part  xiv.,  Ib4«). — £o. 
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plete  mechanical  explanation  of  the  assumption  of  an  active  or 
passive  state.  It  may  be  remarked,  that  a  very  trivial  modi- 
fication of  our  admitted  views  of  the  relation  between  atoms 
and  their  properties  is  all  that  is  required  to  give  a  consistent 
explanation  of  every  one  of  these  facts.  Instead  of  regarding 
the  specific  qualities  of  an  atom  as  appertaining  equally  to  the 
whole  of  it  in  the  aggregate,  we  have  merely  to  assume  that 
there  is  a  relation  between  its  properties  and  its  sides ;  and 
that  any  force  which  can  make  it  change  its  position  upon  its 
axis  will  throw  it  from  the  active  to  the  passive  state.  But 
this  is  nothing  more  than  the  well-known  idea  of  the  polarity 
of  atoms. 

Phcenomena  of  the  Decomposition  of  Water  by  Chlorine  in  the 
Rays  of  the  Sun. 

From  the  various  facts  which  might  be  employed, as  offering 
the  means  of  establishing  the  allotropism  of  chlorine,  I  shall 
select  those  which  arise  from  an  examination  of  the  phaeno- 
mena  of  the  decomposition  of  an  aqueous  solution  of  chlorine 
by  the  rays  of  the  sun. 

For  many  years  it  has  been  known  that  an  aqueous  solu- 
tion of  chlorine  undergoes  decomposition  by  the  aid  of  the 
solar  rays.  Several  of  the  most  remarkable  phaenomena  con- 
nected with  this  decomposition  appear  to  have  been  over- 
looked. Among  such  may  be  mentioned  the  singular  fact, 
that  chlorine,  which  has  thus  been  influenced  by  the  sun,  has 
obtained  the  quality  of  effecting  this  decomposition  subse- 
quently, to  a  measured  extent,  even  in  the  dark.  Not  to  an- 
ticipate what  I  shall  have  to  offer  on  this  point,  I  shall  now 
proceed  in  the  first  place  to  establish  the  various  facts  con- 
nected with  the  decomposition  in  question. 

Having  provided  a  number  of  small  glass  vessels,  consist- 
ing of  a  bulb  and  neck,  of  the  capacity  of  from  1*5  to  2*0 
cubic  inches,  I  filled  them  with  a  solution  of  chlorine  in  re- 
cently boiled  water,  and  inverted  them  in  small  glass  bottles 
containing  the  same  solution,  as  shown  in  Plate  IV.  fig.  1. 
With  these  bulbs  the  following  experiments  were  made : — 

I.  An  aqueous  solution  of  chlorine  does  not  decompose  in 
the  dark. 

One  of  the  bulbs  was  shut  up  in  a  dark  closet,  and  kept 
there  for  a  week,  being  examined  from  time  to  time.  No  de- 
composition was  perceptible,  for  no  gas  collected  in  the  upper 
part  of  the  bulb. 

II.  A  solution  of  chlorine  decomposes  in  the  light. 

One  of  the  bulbs  was  placed  in  a  beam  of  the  sun  reflected 
into  the  room  by  a  heliostat.     For  sixteen  minutes  no  change 
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was  perceptible,  then  small  bubbles  of  gas  made  their  appear- 
ance; they  increased  in  quantity  for  a  time,  but  finally  the 
speed  of  decomposition  became  uniform.  On  analysis  by  de- 
tonation with  hydrogen,  after  washing  out  any  chlorine  con- 
tained in  it,  this  gas  was  found  to  contain  97  per  cent,  of 
oxygen. 

III.  The  rapidity  of  this  decomposition  depends  on  the 
quantity  of  the  rays  and  on  the  temperature. 

In  various  repetitions  of  these  experiments  on  different  days, 
I  soon  convinced  myself  that  the  rate  of  evolution  of  oxygen 
depended  on  the  quantity  of  the  rays.  Among  other  proofs  I 
may  mention  this :  after  ascertaining  the  rate  of  decomposi- 
tion in  the  reflected  beam,  if  the  bulb  be  set  in  the  direct  sun- 
shine, the  bubbles  increase  in  number,  the  total  quantity  of 
oxygen  evolved  becoming  greater  in  the  same  space  of  time ; 
an  effect  obviously  due  to  the  difference  of  intensity  of  the  re- 
flected and  incident  beams.  When  a  certain  point  is  gained, 
apparently  no  further  increase  of  effect  takes  place  on  increa- 
sing the  brilliancy  of  the  light,  as  I  found  by  employing  a 
convex  lens. 

With  respect  to  the  influence  of  temperature. — If,  while 
one  of  the  bulbs  is  actively  evolving  gas  in  the  sun's  rays,  it 
be  warmed  by  the  application  of  a  spirit-lamp,  the  amount  of 
gas  thrown  off  becomes  very  much  greater :  a  difference  of 
a  few  degrees  produces  a  striking  effect.  As  an  illustration 
of  this  I  placed  in  the  sunshine  two  bulbs  which  were  nearly 
alike,  except  that  one  of  them  was  painted  black  with  India 
ink  on  that  portion  which  was  furthest  from  the  sun.  The 
rays  coming  through  the  transparent  part  had  access  to  the 
solution,  and  then  impinging  on  the  dark  side  raised  its  tem- 
perature. On  measuring  the  quantity  of  gas  collected,  it  was 
found) — 

In  the  transparent  bulb     .     .     .     3'\Q 
In  the  half-blackened  bulb      .     .     6-19 

IV.  The  decomposition  of  water,  once  begun  in  the  sun- 
beams, goes  on  afterwards  in  the  dark. 

1st.  Tliis  very  important  fact  may  be  established  in  a  variety 
of  ways.  Tluis,  if  a  bulb  be  removed  from  the  sunshine 
whilst  it  is  actively  evolving  gas,  and  be  placed  in  the  dark 
after  the  gas  has  been  turneil  out  of  it,  a  slow  evolution  con- 
tinuously goes  on ;  tiie  gas  collecting  in  the  upper  part  of  the 
bulb. 

'l\u\.  A  bulb  A,  fig.  2,  having  a  neck  by  the  end  of  which 
was  bent  at  c  upwards  at  an  angle  of  about  4")",  was  employed. 
After  exposure  to  the  sun,  by  inverting  the  bulb  and  with  one 
flnger  closing  the  extremity  c,  the  gas  disengaged  could  be 


as  connected  with  the  Theory  of  Substitutions.         331 

transferred  to  a  graduated  vessel  and  measured.  I  satisfied 
myself,  by  several  variations  of  this  arrangement,  that  the 
small  quantity  of  water  introduced  from  time  to  time  when 
the  gas  bubble  escaped  from  the  end  of  the  tube  c,  exerted  no 
essential  influence  on  the  phaenomenon.  The  following  Table 
shows  the  amount  of  gas  evolved  in  the  dark  during  the  pe- 
riods indicated. 

The  bulb  having  been  exposed  to  the  sunshine,  in  ten  mi- 
nutes the  evolution  of  gas  commenced,  and  in  an  hour  'lO? 
cubic  inch  having  collected,  this  was  cast  away  and  the  ar- 
rangement placed  in  the  dark.  To  prevent  the  undue  escape 
of  the  chlorine,  a  piece  of  flat  glass,  d,  was  laid  on  the  open  end 
of  the  tube  c.  In  each  successive  hour  the  quantity  of  gas 
given  in  the  following  Table  was  then  evolved: — 

1st  hour      .     .     '0162 

2nd -01 59 

3rd -0086 

4.th '0060 

5th -0038 

6th -0031 

and  for  four  days  afterwards  gas  was  collecting  in  the  bulb  in 
diminished  quantities. 

V.  This  evolution  of  gas  in  the  dark  is  not  merely  a  gra- 
dual escape  of  oxygen  originally  formed  whilst  the  solution 
was  exposed  to  the  sun,  but  is  traceable  to  an  influence  conti- 
nuously exerted  by  the  chlorine,  arising  in  properties  it  has 
acquired  during  its  exposure  to  the  rays. 

If  a  bulb  which  has  been  exposed  to  the  sun  be  raised  by  a 
spirit-lamp  to  such  a  temperature  that  its  gaseous  constituents 
are  rapidly  evolved,  its  extremity  dipping  beneath  some  of  the 
same  solution  in  the  bottle,  after  allowing  a  sufficient  space  of 
time  for  the  disengaged  chlorine  to  be  re-dissolved,  and  the 
oxygen  be  turned  out  of  the  bulb,  it  will  be  found,  on  keeping 
the  arrangement  in  the  dark,  that  oxygen  will  slowly  disen- 
gage as  before. 

Now  there  is  every  reason  to  believe  that  any  small  amount 
of  oxygen  dissolved  in  the  liquid  would  be  expelled  with  the 
chlorine  at  a  high  temperature.  We  therefore  have  to  infer 
that  the  chlorii:e,  after  this  treatment,  still  retains  the  quality 
of  causing  the  decomposition  steadily  to  go  forward. 

The  oxygen  which  thus  accumulates  in  the  course  of  time 
in  the  dark,  after  an  exposure  to  the  sun,  does  not  arise  from 
any  portion  of  that  gas  held  in  a  state  of  temporary  solution, 
nor  from  peroxide  of  hydrogen,  nor  from  chlorous  acid  in  the 
liquid  undergoing  gradual  decomposition.  From  any  of  these 
states  a  high  temperature  would  disengage  it. 
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VI.  The  evolution  of  gas  is  not  of  the  nature  of  a  fermen- 
tation, for  when  it  once  sets  in  the  molecular  motion  is  not 
propagated  from  particle  to  particle,  but  only  affects  those 
which  were  originally  exposed  to  the  rays. 

Let  a  bulb  be  filled  with  chlorine-water  which  has  been  ex- 
posed to  the  sun,  and  in  a  second  bulb  place  a  quantity  of  the 
same  liquid  equal  to  about  one-third  of  its  capacity.  Fill  the 
remaining  two-thirds  with  chlorine  water  which  has  been 
made  and  kept  in  the  dark,  and  after  keeping  both  bulbs  in 
obscurity  for  some  days,  measure  the  volumes  of  gas  they  con- 
tain. If  the  qualities  of  chlorine  which  has  been  changed  by 
exposure  were  communicable  by  contact  or  close  proximity 
from  atom  to  atom,  we  might  expect  that  both  the  bulbs  would 
yield  the  same  quantity  of  gas,  but  this  is  very  far  from  being 
the  case;  and  in  such  an  experiment  I  found  that  the  bulb 
containing  the  mixture  gave  only  one-fourteenth  of  the  gas 
contained  in  the  other. 

VII.  The  quantity  of  gas  which  thus  collects  in  the  dark, 
depends  on  the  intensity  of  the  original  disturbance,  which  in 
its  turn  depends  on  the  time  of  exposure  to  the  rays,  to  their 
intensity,  and  other  such  conditions.  In  other  words,  the 
rays  are  perfectly  definite  in  their  action,  a  long  exposure 
giving  a  larger  amount  of  subsequent  decomposition,  and  a 
short  exposure  a  lesser  amount. 

On  exposing  a  bulb  filled  with  chlorine-water  to  the  rays 
until  bubbles  of  gas  began  to  appear,  and  a  second  one  until 
the  decomposition  had  been  actively  going  on  for  a  quarter  of 
an  hour,  and  then  transferring  both  to  the  dark,  and  measu- 
ring the  oxygen  which  collected  at  the  end  of  a  day,  I  found 
in  the  former  one-twelfth  of  what  was  contained  in  the  latter. 

VIII.  In  a  given  quantity  of  chlorine-water,  the  decompo- 
sition in  the  dark  corres})onding  to  a  given  exposure  to  the 
light  having  been  performed,  and  the  proper  quantity  of  oxy- 
gen evolved,  and  the  phaenomenon  ended,  it  can  be  re-esta- 
blished from  time  to  time  as  long  as  any  chlorine  is  found  in 
the  liquid,  by  a  renewed  exposure  to  the  sun. 

In  a  glass  vessel,  like  fig.  3,  which  indeed  was  nothing  more 
than  one  of  Liebig's  drying  apparatus,  I  placed  a  sufficient 
quantity  of  chlorine-water  to  fill  the  larger  vessel,  and  also  the 
vertical  tubes  half-full.  After  exposing  this  to  the  light  for  a 
certain  time,  until  decomposition  had  liiirly  set  in,  I  placed  it 
in  the  dark,  and  found  that  for  several  days  it  gave  oft' gas,  the 
quantity  continually  diminishing.  Finally  no  more  gas  was 
evolved ;  but  the  liquid  still  contained  free  chlorine,  as  was 
shown  by  itH  colour.  I  therefore  again  exposed  it  to  the 
•un,  and  repeating   the   former   observation,  i'ound  thai  it 
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evolved  gas  for  several  days  in  the  dark.  A  third  exposure 
was  followed  by  the  same  result. 

The  form  of  this  vessel  renders  it  very  convenient  for  these 
experiments,  because  when  sufficient  gas  has  collected  for  the 
purpose  of  observation,  it  is  easily  removed  by  inclining  the 
instrument,  widiout  the  necessity  of  introducing  fresh  quanti- 
ties of  liquid. 

Having  found,  as  has  been  said,  that  the  rapidity  of  the  de- 
composition depended  to  a  certain  extent  on  the  temperature, 
it  seemed  desirable  to  determine  whether  heat  alone  could 
bring  about  the  change. 

IX.  The  decomposition  of  water  by  chlorine  is  not  brought 
about  by  mere  elevation  of  temperature  when  the  liquid  is  set 
in  the  sunbeam ;  although  heat  accelerates,  it  does  not  give 
rise  to  the  phaenomenon. 

1st.  I  raised,  by  a  spirit-lamp,  the  temperature  of  one  of 
the  bulbs  nearly  to  its  boiling-point,  or  until  so  much  gas  was 
given  off  that  the  liquid  was  expelled  from  the  tube  to  the 
bottle  beneath.  If,  at  this  temperature,  which  probably  was 
higher  than  200°  Fahr.,  chlorine  had  been  able  to  decompose 
water,  an  equivalent  quantity  of  oxygen  would  have  been  pro- 
duced ;  but  on  allowing  the  apparatus  to  cool,  all  the  gas  was 
re-absorbed,  with  the  exception  of  a  small  bubble  amounting 
in  volume  to  yo^y  of  the  water.  This  bubble,  which  was  left 
after  the  chlorine  was  recondensed,  I  found  in  three  different 
experiments  contained  32,  33,  and  36  per  cent,  of  oxygen, 
the  remainder  being  nitrogen ;  but  this  being  nearly  the  con- 
stitution of  the  gas  which  is  dissolved  in  ordinary  water,  the 
source  from  which  the  small  bubble  came  was  inferred  to  be 
the  water  used  in  these  experiments. 

2nd.  One  of  the  bulbs  was  painted  black  all  over  with 
India  ink;  its  temperature  now  rose  much  higher  than  in 
former  experiments  when  it  was  set  in  the  sun,  but  not  a  bub- 
ble of  oxygen  appeared. 

X.  When  chlorine-water  has  been  exposed  to  the  sun,  the 
oxygen  accumulated  in  it  is  readily  expelled  by  raising  the 
temperature. 

Having  exposed  one  of  the  bulbs  used  in  the  last  experi- 
ment until  it  was  actively  evolving  gas,  I  raised  its  temperature 
with  the  spirit-lamp  until  the  bulb  was  full  of  gas;  but  on 
cooling  this  gas  did  not  all  condense,  as,  in  the  last  instance,  a 
large  quantity  remained  behind :  this  was  oxygen. 

These  ninth  and  tenth  facts  are  of  further  interest  as  bearing 
upon  a  question  which  has  been  much  discussed  by  chemists, 
— the  nature  of  the  bleaching  compounds  of  chlorine.  The 
chloride  of  lime,  and  other  such  substances,  probably  have  the 
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* 
same  theoretical  constitution  as  chlorine-water.  Berzelius  and 
Balard  suppose,  that  in  this  solution  chlorous  or  hypochlorous 
acids  exist.  It  might  be  inquired,  if  this  be  the  condition  of 
things,  why  does  not  an  exposure  to  heat  alone  evolve  oxygen  ? 
for  chlorous  acid  is  exceedingly  liable  to  decomposition  by 
slight  elevation  of  temperature;  and  we  should  be  justified  in 
inferring,  that  if  any  of  this  acid  is  to  be  found  in  chlorine- 
water,  it  would  be  decomposed  at  the  boiling-point.  M.  Millon 
adopts  the  view,  that  the  bleaching  compounds  are  metallic 
chlorides,  analogous  to  the  corresponding  peroxides.  But 
the  ninth  fact  seems  incompatible  with  this  view.  If  chlorine 
water  is  analogous  to  peroxide  of  hydrogen,  and  the  last  be 
what  its  name  imports,  and  not  merely  oxygenated  water,  it  is 
difficult  to  understand  why,  when  chlorine  water  is  boiled, 
oxygen  is  not  given  off.  If  the  atom  of  chlorine  and  the  atom 
of  oxygen  in  this  body  are  placed  under  the  same  relations  to 
the  atom  of  hydrogen,  it  seems  necessary  that  the  chlorine 
atom  at  212°  Fahr.  should  expel  the  oxygen  atom  and  chlo- 
rohydric  acid  form.  It  is  probable,  indeed,  that  the  two  oxy- 
gen atoms  in  peroxide  of  hydrogen  are  related  to  their  hydro- 
gen atom  with  different  degrees  of  affinity,  and  that  one  of 
them  is  retained  far  more  loosely  than  the  other.  But  this 
would  correspond  with  our  ideas  of  oxygenized  water  and  not 
peroxide  of  hydrogen,  and  leads  us  to  the  conclusion  that  the 
solution  employed  in  this  memoir  is  strictly  a  solution  of  chlo- 
rine in  water. 

XI.  The  decomposition  of  chlorine-water  when  placed  in 
the  sunbeam  does  not  begin  at  once,  but  a  certain  space  of 
time  intervenes,  during  which  the  chlorine  is  undergoing  its 
specific  change. 

I  need  quote  no  further  instance  of  the  truth  of  this  than  the 
experiment  given  in  support  of  the  second  fact.  This  is  the 
same  phtcnomenon  which  takes  place  when  chlorine  and  hy- 
drogen are  exposed  together;  they  do  not  begin  to  unite  at 
once,  but  a  certain  space  of  time  elapses,  during  which  the 
preliminary  tithonization  is  taking  place,  and  wlien  that  is 
over  union  begins  (Phil.  Mag.,  July  184'1'). 

On  the  Relations  of  Chlorine  and  Hydrogen, 

We  have  thus  traced  the  cause  of  the  decomposition  of 
water,  in  the  case  before  us,  to  a  change  impressed  upon  the 
chlorine  by  exposure  to  the  rays  of  the  sun.  In  this  decom- 
position three  elementary  bodies  are  involved,  chlorine,  oxy- 
gen and  hydrogen. 

We  can  therefore  reduce  the  problem  under  discussion  to 
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simpler  conditions,  and  study  the  relations  of  each  of  these 
substances  to  each  other  and  to  the  solar  rays  successively. 

When  a  mixture  of  oxygen  and  hydrogen  gases,  in  the  pro- 
portion to  form  water,  is  exposed  to  the  most  brilliant  radia- 
tion converged  upon  it  by  convex  lenses,  union  does  not  ensue; 
the  reason  being,  as  I  have  formerly  shovk'n,  that  those  gases 
are  perfectly  transparent  to  the  rays,  and  do  not  possess  either 
real  or  ideal  coloration. 

For  the  same  cause,  water  exposed  alone  for  any  length  of 
time  to  the  sun,  or  to  the  influence  of  a  large  convex  lens, 
does  not  decompose.  It  is  transparent  and  cannot  absorb 
any  of  the  rays. 

But,  as  is  well  known,  a  mixture  of  chlorine  and  hydrogen 
unites  under  the  same  circumstances  with  an  explosion.  I 
have  formerly  proved  that  this  depends  on  the  absorption  of 
the  indigo  rays,  for  in  the  indigo  space  the  action  goes  on 
with  the  greatest  rapidity. 

If,  therefore,  this  phainomenon  is  due  to  absorption  taking 
place  by  the  mixture,  it  is  easy  to  determine  the  function  dis- 
charged by  each  of  its  ingredients. 

I  transmitted  a  ray  of  light  through  hydrogen  gas  contained 
in  a  tube  seven  inches  long,  the  ends  of  whicli  were  terminated 
by  pieces  of  flat  glass,  and  then  dispersing  the  ray  by  a  flint- 
glass  prism,  received  the  resulting  spectrum  on  a  Daguerreo- 
type plate.  Simultaneously,  by  the  side  of  it,  I  received  the 
spectrum  of  a  ray  which  had  not  gone  through  hydrogen,  but 
through  a  similar  tube  filled  with  atmospheric  air.  On  com- 
paring the  resulting  impressions  together,  I  could  find  no  dif- 
ference between  them. 

I  therefore  infer  that  hydrogen  gas  does  not  exert  any 
absorptive  action  on  the  solar  rays. 

In  one  of  the  foregoing  tubes  I  placed  dry  chlorine  gas,  the 
other  containing  atmospheric  air  as  before ;  and  receiving  the 
two  spectra  side  by  side  on  the  same  Daguerreotype  plate,  I 
found  that  a  powerful  absorption  had  been  exercised  by  the 
chlorine.  All  the  tithonic  rays  between  the  fixed  line  H  and 
the  violet  termination  of  the  spectrum  were  removed,  and  no 
impression  corresponding  to  their  place  was  left  upon  the 
plate.  On  repeating  this  experiment,  so  as  to  determine  with 
precision  the  rays  which  had  been  absorbed,  I  found  that 
chlorine  absorbs  all  the  rays  of  the  spectrum  included  between 
the  fixed  line  i  and  the  violet  termination,  and  is  probably  ef- 
fected by  all  those  waves  whose  lengths  are  between  0*00001587 
and  000001 287  of  a  Paris  inch,  and  inasmuch  as  it  absorbs 
photic  rays  included  between  the  same  limits,  it  is  to  their 
absorption  that  its  yellow  colour  is  due. 
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In  the  Philosophical  Magazine  the  same  result  was  esta- 
blished by  me  in  another  way.  I  found  that  a  ray  which  had 
passed  through  a  given  thickness  of  a  mixture  of  equal  vo- 
lumes of  chlorine  and  hydrogen,  lost  by  absorption  just  half 
as  much  of  its  original  intensity  as  when  it  passed  through  the 
same  thickness  of  pure  chlorine  gas,  a  result  which  obviously 
leads  to  the  conclusion,  that  when  chlorine  and  hydrogen 
unite  under  the  influence  of  the  sun,  they  discharge  functions 
which  are  different,  the  chlorine  an  active  and  the  hydrogen  a 
passive  function.  The  primary  action  or  disturbance  takes 
place  upon  the  chlorine,  and  a  disposition  is  communicated  to 
it,  enabling  it  to  unite  readily  with  the  hydrogen. 

By  arranging  a  series  of  tubes  containing  a  mixture  of  these 
gases  in  the  spectrum,  it  was  found  that  the  gases  situated  in 
the  indigo  space  went  into  union  first. 

These  various  experiments  enabling  us  thus  to  trace  to  the 
chlorine  the  source  of  disturbance,  1  have  next  to  remark,  that 
chlorine,  which  has  been  exposed  to  the  rays  of  the  sun,  has 
gained  thereby  a  tendency  to  unite  with  hydrogen,  which  is 
not  possessed  by  chlorine  which  has  been  made  and  kept  in 
the  dark. 

In  proof  of  this  I  may  cite  an  experiment  from  the  Philo- 
sophical Magazine  (July  184-4).  "  In  two  similar  white  glass 
tubes  place  equal  volumes  of  chlorine,  which  has  been  made 
from  peroxide  of  manganese  and  muriatic  acid  by  lamplight, 
and  carefully  screened  from  access  of  daylight.  Expose  one 
of  the  tubes  to  the  full  sunbeams  for  some  minutes,  or  if  the 
light  be  feeble,  for  a  quarter  of  an  hour:  the  chlorine  which 
is  in  it  becomes  tithonized.  Keep  the  other  tube  during  this 
time  carefully  in  a  dark  place ;  and  now,  by  lamplight,  add  to 
both  equal  volumes  of  liydrogen  gas.  These  processes  are 
best  carried  on  in  a  small  porcelain  or  earthenware  trough, 
filled  with  a  saturated  solution  of  common  salt,  which  dissolves 
chlorine  slowly;  and  to  avoid  explosions,  operate  on  limited 
quantities  of  the  gases.  Tubes  that  are  eight  inches  long  and 
halfaninchin  diameter  will  answer  very  well.  The  tubes 
now  contain  the  same  gaseous  mixture,  and  differ  only  in  the 
circumstance  that  one  is  tithonized  and  the  other  not.  Place 
them  therefore  side  by  side  before  a  window,  through  which 
the  entrance  of  daylight  can  be  regulated  by  opening  the 
shutter;  and  now,  if  this  part  of  the  process  be  conducted 
properly,  it  will  be  seen  that  the  tithonized  chlorine  com- 
mences to  unite  with  the  hydrogen,  and  the  salt  water 
rises  in  that  tube,  liut  the  untillionized  chlorine  shows  no 
disposition  to  imite  with  its  hydrogen,  and  the  liquid  in  its 
lube  rcniuins  niutiunlebs  lor  u  lung  time.     iMiiully,  us  it  be- 
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comes  slowly  tithonized  by  the  action  of  the  daylight  impinging 
on  it,  union  at  last  takes  place.  From  this,  therefore,  we  per- 
ceive that  chlorine  which  has  been  exposed  to  the  sun  will 
unite  promptly  and  energetically  with  hydrogen  ;  but  chlorine 
which  has  been  made  and  kept  in  the  dark  shows  no  such  pro- 
perty. 

This  form  of  experiment  may  be  supposed  imperfect,  since 
the  chlorine  is  in  a  moist  condition  and  confined  by  water.  I 
have  therefore  made  the  following  variation. 

I  took  a  tube  A,  fig.  4,  six  inches  long  and  half  an  inch  in 
diameter,  closed  at  one  end  and  open  at  the  other,  and  ce- 
mented its  open  end  on  a  piece  of  fiat  plate  glass  M  N,  one 
inch  wide  and  two  long,  ground  on  both  sides,  and  having  a 
hole,  p,  one-sixth  of  an  inch  in  diameter  perforated  through  it. 
This  hole  was  not  in  the  centre  of  the  glass,  but  on  one  side, 
as  shown  in  the  figure.  The  interior  of  this  tube  was  per- 
fectly clean  and  dry. 

A  second  tube  B,  consisting,  as  is  shown  in  fig.  4,  of  two 
portions,  a  wide  portion  B,  and  a  narrower  tube  c,  was  ce- 
mented on  another  piece  of  ground  plate  glass,  similar  to  the 
foregoing  in  all  respects.  The  tube  c  was  open  at  its  lower 
extremity,  and  the  entire  capacity  of  B  and  c  conjointly  was 
adjusted  so  as  to  be  equal  to  the  capacity  of  A. 

Next  I  filled  A  with  dry  chlorine  and  B  c  with  dry  hydro- 
gen, and  kept  them  from  mixing  until  the  proper  time  by 
operating  in  the  following  way : — 

I  placed  the  ground  glasses  face  to  face,  as  shown  in  fig.  5, 
with  a  small  quantity  of  soft  tallow  between  them,  arranging 
them  in  such  a  way  that  the  aperture  which  led  to  the  inte- 
rior of  A  was  open. 

Through  this  aperture  dry  chlorine  was  conveyed.  It  was 
generated  by  a  mixture  of  peroxide  of  manganese  and  chloro- 
nydric  acid  in  the  flask  D,  fig.  6,  and  passed  along  a  tube  E 
filled  with  chloride  of  calcium.  A  slender  glass  tube/  con- 
veyed it  to  the  bottom  of  A,  which  was  then  filled  by  displa- 
cing the  atmospheric  air.  When  A  was  supposed  to  be  full 
of  chlorine,  it  was  slowly  lowered  so  as  to  bring  the  tube  out 
of  the  aperture,  and  as  soon  as  it  was  disengaged  the  glass 
plates  were  moved  in  such  a  manner  by  sliding  them  on  one 
another,  that  the  aperture  leading  into  A  was  shut,  but  that 
leading  to  B  was  open.  The  vessel  A  was  thus  filled  with 
dry  chlorine  and  securely  closed. 

In  the  next  place  I  filled  B  with  dry  hydrogen,  which  was 
done  as  follows : — To  a  bottle  G,  fig.  7,  containing  dilute  sul- 
phuric acid  and  zinc,  a  drying  tube,  K,  of  chloride  of  calcium 
was  adjusted,  and  at  its  upper  end  a  cork  h  arranged,  so  as  to 
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receive  tightly  the  tube  c.  In  a  short  time,  therefore,  B  be- 
came full  of  dry  hydrogen,  the  surplus  escaping  through  the 
open  aperture  jl>.  The  two  ground  glass  plates  were  now 
moved  on  one  another  in  such  a  manner  that  they  mutually 
closed  each  other.  The  vessel  A  was  therefore  filled  with 
dry  chlorine,  and  the  vessel  B  c  with  an  equal  volume  of  dry 
hydrogen,  without  communicating  for  the  present  with  one 
another. 

I  had  provided  two  sets  of  these  tubes  as  nearly  alike  as 
they  could  be  made,  and  operated  with  them  in  the  following 
way:  — 

In  a  dark  room  I  filled  the  tube  A  of  each  of  them  with  dry 
chlorine,  in  the  manner  just  described,  and  confined  it  by  sli- 
ding the  plates.  One  of  the  tubes  was  retained  in  the  dark 
room  and  kept  carefully  screened  from  the  light,  but  the  other 
was  set  for  half  an  hour  in  the  sunbeams.  The  chlorine  which 
was  in  it  underwent  the  specific  change  which  it  is  the  object 
of  this  paper  to  describe. 

After  restoring  this  tube  to  the  dark  room,  and  waiting  a 
few  minutes  for  it  to  gain  the  same  temperature  as  the  other, 
the  tubes  B  c  of  each  set  were  filled  with  dry  hydrogen  in  the 
manner  described. 

In  each  instance,  as  soon  as  the  plates  were  moved  on  each 
other  so  as  to  confine  the  hydrogen,  and  were  released  from 
the  cork  //  of  the  drying  tube  K,  fig.  7,  their  lower  extremity 
was  dipped  beneath  the  surface  of  some  water  contained  in  the 
saucer  P,  fig.  8  ;  the  two  sets  of  tubes  being  held  steadily  in  a 
proper  position  by  the  aid  of  a  wooden  frame  Q  R,  Q  R. 

The  two  sets  of  tubes  now  dilfeied  from  one  another  in  no- 
thing but  the  circumstance  that  the  ciilorine  of  one  had  been 
exposed  to  the  sun  and  that  of  the  other  had  not. 

The  gases  were  now  brought  in  contact.  This  was  easily 
done  by  sliding  each  pair  of  ground  glasses  until  their  aper- 
tures coincided,  as  shown  in  fig.  9.  The  hydrogen  now  rose 
through  the  hole  into  the  upper  vessel,  the  chlorine  descend- 
ing through  it,  nuitual  und  perfect  tliffiision  of  the  two  gases 
rapidly  taking  place.  This  was  done  by  lamplight  in  the 
dark  room.  And  now  it  could  be  ascertained  that  the  gases 
were  at  the  same  temperature  in  the  ilifferent  lubes,  and  that 
the  experiment  had  thus  far  l)cen  carried  on  successfully,  l)y 
the  water  retaining  its  level  at  the  same  point  in  the  tube  c  of 
both  sets.  If  that  which  had  been  in  the  sunshine  was 
warmer  than  the  other,  as  soon  as  the  apertures  coincided  a 
bubble  of  gas  would  have  escaped  through  the  water,  or  at  all 
eventH  the  level  would  have  changed. 

it  remained  now  to  open  the  siiuitor  of  the  dark  room,  the 
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tubes  having  been  previously  set  in  such  a  position  that  the 
light  would  fall  equally  on  both.  As  soon  as  this  vi^as  done, 
the  chlorine  which  had  been  exposed  to  the  sun  united  at  once 
with  its  hydrogen,  and  the  water  rose  in  the  tube  c.  But  in 
the  other,  which  had  not  been  exposed  to  the  sun,  no  move- 
ment took  place  until  the  gases  had  had  time  to  be  affected  by 
the  light  coming  through  the  open  shutter. 

When  care  has  been  taken  to  have  the  gases  made  quite 
dry,  and,  owing  to  the  narrowness  of  the  tube  c,  no  acjueous 
vapour  has  had  time  to  contaminate  the  gas  in  B,  so  that  no 
water  is  present  to  condense  the  chlorohydric  acid  as  it  forms, 
a  little  delay  may  be  occasioned  in  the  liquid  rising  in  the  tube 
the  chlorine  of  which  was  exposed  to  the  sun.  But  after  a 
time  a  mist  arises  in  the  neighbourhood  of  the  water  in  the 
narrow  tube,  due  to  the  chlorohydric  acid  condensing,  and 
then  the  process  goes  forward  with  regularity. 

It  appears,  therefore,  that  chlorine,  by  exposure  to  the  sun, 
contracts  a  tendency  to  unite  with  hydrogen,  which  is  not  pos- 
sessed by  chlorine  which  has  been  kept  in  the  dark. 

On  the  Allotropism  of  Chlorine^  or  its  Active  and  Passive 

States. 

In  what  then  does  this  remarkable  change,  impressed  by  in- 
digo rays  upon  chlorine,  consist?  This  is  the  question  which 
immediately  arises  from  the  pheenomena  we  have  had  under 
consideration. 

To  this  I  answer,  that  when  chlorine  has  been  thus  influ- 
enced, its  electro-negative  properties  are  exalted,  and  it  has 
passed  from  an  inactive  to  an  active  state. 

It  is  now  fully  established  that  a  great  number  of  the  ele- 
mentary bodies  undergo  similar  modifications.  Many  of  these 
can  exist  in  no  less  than  three  different  states,  and  these  pe- 
culiarities are  impressed  on  the  compounds  to  which  they  give 
rise.  To  these  peculiarities  Berzelius  has  recently  directed 
the  attention  of  chemical  philosophers,  in  his  paper  on  the 
Allotropism  of  Simple  Bodies,  and  its  Relation  with  certain 
cases  of  Isomerism  in  their  Combinations.  He  shows,  that  of 
the  elementary  bodies  now  known,  many  undoubtedly  exist  in 
several  allotropic  states,  and  infers  that  all  are  liable  to  ana- 
logous modifications.  He  indicates  that  the  isomerism  of 
compound  bodies  is  due,  sometimes  to  the  different  modes  in 
which  the  atoms  of  which  their  constituent  molecules  consist 
are  grouped,  and  sometimes  to  the  different  allotropic  states 
in  which  one  or  other  of  those  elements  is  found.  Thus,  as 
M.  Millon  has  remarked,  the  intrinsic  difference  between  car- 
buretted  hydrogen  gas  (CH)  and  otto  of  roses  (CH),  which 
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are  isomeric  bodies,  may  perhaps  consist  in  this, — that  in  the 
former  the  carbon  is  under  the  form  of  common  charcoal,  and 
in  the  latter  under  the  form  of  diamond. 

The  following  instances  from  Berzelius  may  serve  as  exam- 
ples of  these  allotropic  states. 

Carbon  is  known  under  three  forms,  charcoal,  plumbago, 
and  diamond ;  they  differ  in  specific  gravity,  in  specific  heat, 
and  in  their  conducting  power  as  respects  caloric  and  electri- 
city. In  their  relations  to  light  the  one  perfectly  absorbs  it, 
the  second  reflects  it  like  a  metal,  the  third  transmits  it  like 
glass.  In  their  relations  with  oxygen  they  also  differ  surpri- 
singly ;  there  are  varieties  of  charcoal  that  spontaneously  take 
fire  in  the  air,  but  the  diamond  can  only  be  burnt  with  diffi- 
culty at  a  high  temperature  in  pure  oxygen  gas.  The  second 
and  third  varieties  do  not  belong  to  the  sauie  crystalline  form. 

Silicium  exists  also  under  two  forms.  In  its  first  it  burns 
with  facility  in  the  air  under  a  slight  elevation  of  temperature; 
but  if  it  be  previously  exposed  to  a  strong  red  heat,  it  changes 
into  the  second  variety  and  becomes  incombustible,  so  that  it 
v/ill  not  oxidize  when  placed  with  nitrate  of  potash  in  the  hot- 
test part  of  the  blowpipe  flame.  As  is  well  known,  there  are 
two  forms  of  silicic  acid,  one  soluble  in  water  and  hydrochloric 
acid,  but  })assing  into  the  insoluble  state  by  being  previously 
made  red-hot.  The  silicium,  therefore,  carries  in  its  combi- 
nations the  same  properties  that  it  exhibits  in  the  free  state. 

In  the  same  manner  it  might  be  shown  that  sulphur,  sele- 
nium, phosphorus,  titanium,  chromium,  uranium,  tin,  iridium, 
osmium,  copper,  nickel,  cobalt,  and  a  variety  of  other  bodies 
exist  under  several  difl'erent  forms,  with  distinctive  proper- 
ties that  are  often  well-marked.  In  several  of  them  the  influ- 
ence of  this  allotropic  condition  is  plainly  carried  into  the  com- 
pounds, as  is  well  shown  in  the  two  varieties  of  arsenic  which 
give  rise  to  the  two  arsen ions  acids. 

The  passage  from  one  allotropic  state  to  another  takes  place 
commonly  through  the  agency  of  apparently  very  trivial  causes, 
such  as  slight  elevation  of  temperature,  and  the  contact  of  cer- 
tain bodies.  Thus  iron,  which  is  so  easily  oxidized  lander  or- 
iiinary  circumstances,  appears  to  lose  its  aflinity  lor  oxygen 
after  it  has  been  touched  under  the  surface  of  nitric  acid  by  u 
piece  of  nlntina.  It  then  puts  on  the  attributes  of  n  noble 
metal  an(l  simulates  the  properties  of  plalina  and  gold. 

This  remarkable  instance  of  the  passage  from  an  active  to 
n  passive  state,  as  Ber/clius  remarks,  may  lead  to  a  conjecture 
respecting  the  true  condition  of  certain  gases.  No  one  can 
reflect  on  the  inactivity  of  nitrogen  gas  under  ordinary  cir- 
cumstances, contrasted  with  its  ccjually  extraordinary  activity 
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as  a  constituent  of  organic  bodies,  without  being  struck  with 
the  apparent  connexion  of  that  phaenomenon  with  those  of  allo- 
tropism.  And  though  Berzelius,  with  his  customary  caution, 
merely  insinuates  that  nitrogen  can  exist  under  two  forms,  the 
facts  which  are  here  developed  in  relation  to  chlorine  seem  to 
show  that  that  opinion  rests  on  something  more  solid  than 
conjecture.  The  habitudes  of  many  of  the  gaseous  bodies 
strengthen  this  conclusion.  Oxygen  gas  refuses  to  unite  when 
mixed  with  hydrogen,  precisely  in  the  manner  of  chlorine ; 
and  it  re(juires  a  certain  modification  to  be  made  in  the  elec- 
tro-negative element  before  water  or  chlorohydric  acid  can 
result. 

Just,  therefore,  in  the  same  manner  that  so  many  elemen- 
tary bodies  can  put  on  under  the  influence  of  external  causes 
an  active  or  passive  condition,  I  infer  as  the  final  result  of  the 
experiments  brought  forward  in  this  memoir,  that  chlorine  is 
one  of  those  allotropic  bodies  having  a  double  form  of  exist- 
ence; that,  as  commonly  prepared,  it  is  in  its  passive  state, 
but  that  on  exposure  to  the  indigo  rays  or  other  causes,  it 
changes  and  assumes  the  active  form  ;  and  that  in  this  latter 
state  its  affinity  for  hydrogen  becomes  so  great  that  it  decom- 
poses water  without  difficulty,  as  in  the  experiment  which  this 
memoir  is  designed  to  illustrate. 

On  the  Relation  of  the  precedi?ig  Conclusions  with  the  Theory 
of  Substitutio7is. 

Having  thus  explained  the  facts  which  appear  to  indicate 
the  allolropism  of  chlorine,  I  shall  now  offer  some  considera- 
tions on  its  connexion  with  the  theory  of  substitutions  of  M. 
Dumas. 

Admitting  the  fact  that  the  electro-negative  qualities  of 
chlorine  are  exalted  upon  its  exposure  to  the  indigo  rays,  and 
that  the  resulting  effect  is  not  a  temporary  thing,  but  one  which 
lasts  for  a  considerable  period  of  time,  as  appears  to  be  proved 
in  the  Philosophical  Magazine  (July  1844),  we  can  give  a  very 
plain  and  simple  account  of  the  decomposition  of  water  by  this 
gaseous  substance  under  the  influence  of  sunshine. 

Upon  the  same  principle  that  a  mixture  of  chlorine  and 
hydrogen  may  be  kept  in  the  dark  without  union  for  a  long 
time,  so  may  a  solution  of  chlorine  in  water  be  preserved. 
The  chlorine  is  in  an  inactive  state. 

But  if  anything  is  done  to  make  the  chlorine  take  on  its 
other  form  and  pass  to  the  active  condition ;  if,  for  example, 
it  be  set  in  the  sunshine,  its  affinity  for  hydrogen  is  exhibited, 
and  decomposition  is  the  result. 

The  qualities  thus  communicated  to  the  chlorine  not  being 
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of  a  transient  kind,  but  remaining  for  a  length  of  time,  we  see 
how  it  is  that  after  an  exposure  to  the  sun  decomposition  is 
subsequently  carried  forward  in  the  dark. 

If  the  power  which  chlorine  assumes,  of  uniting  with  hy- 
drogen and  carbon,  depends  on  a  change  in  its  electrical  re- 
lations, a  passage  from  the  passive  to  the  active  state,  we  might 
expect  that  those  various  causes,  which  in  the  case  of  other 
elementary  bodies  bring  about  analogous  changes,  and  throw 
them  from  one  allotropic  condition  to  another,  would  here  also 
exercise  a  perceptible  action.  Among  such  causes  we  may 
enumerate  the  action  of  a  high  temperature,  and  the  contact 
or  presence  of  other  bodies. 

It  may  be  remarked,  in  the  instances  to  which  Berzelius 
has  referred,  that  exposure  to  a  high  temperature  is  one  of 
the  most  frequent  causes  of  allotropic  change.  In  the  case  of 
chlorine  the  remark  holds  good,  for,  as  is  well  known,  when 
a  mixture  of  chlorine  and  hydrogen  is  passed  through  a  red- 
hot  tube,  chlorohydric  acid  forms  with  rapidity.  The  high 
temperature  therefore  impresses  upon  chlorine  the  same  ten- 
dency to  unite  with  hydrogen  whicli  is  communicated  by  the 
solar  rays. 

But  the  contact  of  other  bodies  frequently  determines  in  a 
given  substance  an  allotropic  change.  Thus,  when  a  piece  of 
iron  is  placed  in  nitric  acid  in  contact  with  platina,  the  iron 
becomes  less  electro-positive,  or,  what  is  the  same  thing,  more 
electro-negative  than  it  was  before,  and  the  acid  can  no  longer 
oxidize  it.  The  contact  of  the  very  same  substance,  platina, 
determines  an  analogous  change  in  chlorine,  giving  it  at  once 
the  capacity  of  uniting  with  hydrogen.  The  porous  condition 
of  spongy  platina  is  not  essential  to  the  result,  for  clean  pla- 
tina-foil  exhibits  the  same  phoenomenon. 

In  the  case  of  iron,  the  action  of  a  high  temperature  on  the 
contact  of  platina  throws  the  metal  from  the  active  to  the  pas- 
sive state;  in  the  case  of  chlorine,  the  same  causes  apparently 
produce  the  opposite  result,  throwing  the  gas  from  the  passive 
to  the  active  state.  But  the  difference  is  rather  in  appearance 
than  in  reality.  In  both  cases  it  amounts  to  the  same  thing, 
and  is  an  exaltation  of  the  electro-negative  qualities  of  either 
substance  respectively. 

The  same  causes  therefore  which  produce  allotropic  changes 
in  other  bodies  produce  analogous  changes  in  chlorine. 

Now  among  the  physical  facts  connected  with  the  theory  of 
types  and  substitutions,  two  are  prominent:— 1st,  the  union  of 
chlorine  with  hydrogen,  giving  rise  to  the  removal  of  that  hy- 
drogen as  chlorohydric  acid ;  2tul,  the  hubse(]ucnt  function 
disctiurged  by  the  chlorine  which  hu:«  entered  au  an  integrant 
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portion  of  the  molecule,  and  occupies  the  place  of  the  hydro- 
gen removed.  This  function  is  in  many  instances  that  of  the 
hydrogen  itself,  and  it  is  this  fact  which  is  the  remarkable 
point  in  the  phaenomena  of  substitution,  that  an  intensely  elec- 
tro-negative body  can  act  the  part  of  a  positive  body.  It  is 
this  fact  which  is  leading  chemists  to  the  conclusion,  that  the 
properties  of  compound  bodies  arise  as  much  from  the  mode 
of  grouping  of  their  constituent  atoms,  as  from  the  qualities  of 
those  atoms  themselves. 

But  if  it  be  admitted  that  the  experiments  related  in  this 
memoir  establish  the  allotropism  of  chlorine,  then  it  is  plain 
that  a  very  different,  and  perhaps  satisfactory  account,  of  the 
phaenomena  of  substitution  may  be  given. 

As  has  already  been  said,  no  difficulty  can  arise  in  account- 
ing for  the  removal  of  hydrogen  from  organic  bodies,  or  for 
the  first  fact  just  alluded  to.  This  removal  will  ensue  when- 
ever processes  are  resorted  to  which  bring  the  chlorine  into  an 
active  state.  When  we  expose  acetic  acid  and  chlorine  to 
the  sun,  the  latter  becomes  active,  gains  the  quality  of  uniting 
with  hydrogen,  and  chloracetic  acid  forms.  Probably  the 
same  change  could  be  brought  about  by  the  aid  of  spongy 
platina  and  heat.  Upon  the  second  fact,  the  similarity  of 
function  discharged  by  the  chlorine  which  has  replaced  the 
hydrogen  atoms  with  the  function  of  those  atoms  themselves, 
a  flood  of  light  is  thrown  by  other  phaenomena  of  allotropism. 
If  a  piece  of  iron  be  dipped  in  hydrated  nitric  acid,  though  it 
may  be  acted  on  for  a  few  moments,  it  rapidly  becomes  pas- 
sive ;  and  so  with  the  chlorine  atoms  which  have  substituted 
the  hydrogen.  In  the  circumstances  under  which  they  are 
placed  they  rapidly  revert  from  the  active  to  the  passive  state. 
They  no  longer  are  endued  with  an  intense  electro-negative 
(juality,  they  have  assumed  the  condition  of  inactivity.  The 
fact  that  cidorine  in  chloracetic  acid  simulates  the  functions  of 
hydrogen  in  acetic  acid,  is  not  more  remarkable  than  that 
iron  touched  by  platina  under  nitric  acid  simulates  the  proper- 
ties of  that  noble  metal. 

Do  not  therefore  these  considerations  seem  to  point  out,  that, 
if  we  admit  the  fact  that  simple  substances  can  exist  in  differ- 
ent states,  in  a  passive  and  active  form,  the  phaenomena  of  sub- 
stitution are  deprived  of  much  of  their  singularity? 

Thus,  to  recall  once  more  the  same  example  to  which  I  have 
before  referred,  and  which  has  been  so  well  illustrated  by  the 
researches  of  M.  Dumas;  the  transmutation  of  acetic  into 
chloracetic  acid  exhibits  a  double  phaenomenon,  — 1st,  the  ex- 
istence of  active  chlorine  expressed  by  the  removal  of  hydro- 
gen, activity  having  been  communicated  by  the  rays  of  the 
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sun,  or  by  some  other  appropriate  method;  2nd,  the  existence 
of  passive  chlorine  in  the  particles  of  chloracetic  acid. 

I  consider,  that  were  no  other  instances  known,  the  two 
cases  cited  by  BerzeHus  of  the  double  forms  of  silicic  acid  and 
arsenious  acid  establish  the  fact,  that  a  given  allotropic  condi- 
tion may  be  continued  by  an  elementary  atom  when  it  goes 
into  union  with  other  bodies.  And  I  regard  the  various  cases 
in  which  hydrogen  is  replaced  by  iodine,  bromine,  &c.,  in 
which  in  the  resulting  compound  those  energetic  electro-ne- 
gative elements  fail  to  give  any  expression  of  their  presence 
and  activity,  as  analogous  to  other  common  and  too  much 
overlooked  facts.  Chlorine  which  is  in  the  dark  may  be  kept 
in  contact  with  hydrogen  without  exhibiting  any  of  its  latent 
energies.  Touched  by  an  indigo  ray  it  instantly  assumes  the 
active  state,  and  a  violent  explosion  is  the  result. 

To  use  therefore  the  same  nomenclature  to  which  Berzelius 
has  resorted  in  the  case  of  other  allotropisms,  we  may  desig- 
nate the  ordinary  form  of  chlorine,  procured  by  the  action  of 
chlorohydric  acid  on  peroxide  of  manganese,  as  Cl/3,  and 
admit  that  this  passes  into  the  condition  CI  a.  by  the  action  of 
the  solar  rays,  contact  of  platina,  or  a  high  temperature;  and 
that  in  any  case  of  substitution,  the  hydrogen  is  removed  under 
the  condition  CI  a,  and  the  resulting  compound  molecule  con- 
tains CI  /3 ;  the  assumption  of  the  passive  state  disguising  the 
presence  of  the  electro-negative  atom. 

The  explanation  here  given  of  the  phsenomena  of  substitu- 
tion involves  the  position,  that  chlorine,  when  brought  in  rela- 
tion with  carbon,  under  certain  circumstances,  is  thrown  into 
the  passive  state, — the  state  CI  /3.  We  naturally  look  for  di- 
rect  evidence  that  this  is  the  case.  It  seems  to  me  that  there 
are  many  well-known  chemical  facts  which  tend  to  establish 
this  passive  condition.  In  the  first  case  to  which  we  turn,  the 
chlorides  of  carbon,  the  inactive  state  is  established  in  a  stri- 
king manner.  The  affinity  which  exists  between  chlorine  and 
carbon  is  apparently  feeble,  yet  when  these  bodies  have  once 
united,  the  chlorine  is  brought  into  such  a  condition  that  it 
has  lost  the  (juality  of  being  detected  by  the  ordinary  tests 
which  determine  its  presence.  How  strongly  does  this  con- 
trast with  tlie  case  of  chlorohydric  acid  !  u  feeble  affinity  unites 
carbon  and  chlorine,  and  intense  affinity  unites  hydrogen  and 
chlorine ;  yet  in  the  former  case  tin.-  chlorine  is  undiscoverable 
by  the  most  common  tests,  in  the  latter  it  yields  to  them  all. 
Ami  the  causes  are  obvious;  in  the  one  case  it  is  in  the  pas- 
sive, in  the  otiicr  in  the  active  condition. 

I  have  hitherto  spoken  of  the  active  and  passive  states  as 
though  they  were  fixed  points  in  elementary  bodies,  and  as 
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though  the  transition  from  one  to  the  other  was  abrupt  and 
sudden.  I  have  done  this  that  the  views  here  offered  might 
be  unembarrassed  and  distinct;  but  there  are  many  facts  which 
serye  to  show  that  the  passage  from  a  state  of  complete  acti- 
vity to  a  state  of  complete  inactivity  takes  place  through  gra- 
dual steps.  Thus,  in  carbon  itself,  there  are  undoubtedly 
many  intermediate  stages  between  the  almost  spontaneously 
inflammable  varieties  and  diamond,  which  is,  under  common 
circumstances,  incombustible.  Berzelius  admits  three  allo- 
tropic  conditions  of  this  body,  C  a,  C  /3,  C  y.  Between  the 
first  and  last  term  of  this  series,  it  is  probable  that  several  in- 
termediate bodies  besides  plumbago  might  be  found,  their  ex- 
istence establishing  the  gradual  passage  from  one  to  the  other 
state. 

For  similar  reasons,  in  this  memoir  the  illustrations  and  ar- 
guments given  have  for  the  most  part  been  restricted  to  one 
substance,  chlorine.  It  need  scarcely  be  pointed  out,  in  con- 
clusion, that  if  the  views  here  offered  are  true,  very  much  of 
this  reasoning  may  be  transferred  to  other  bodies,  as  oxygen, 
nitrogen,  hydrogen,  sulphur,  &c.  When  oxygen  and  hy- 
drogen are  mixed,  there  is  no  disposition  exhibited  by  them 
to  unite;  and  this  does  not  arise  from  their  happening  to  have 
the  gaseous  form.  As  in  the  instance  we  have  been  consi- 
dering, if  they  be  exposed  to  a  high  temperature,  or  to  the 
influence  of  platina,  the  active  condition  is  assumed  with 
promptitude,  and  union  takes  place. 

The  power  which  carbon  possesses  of  throwing  bodies  into 
a  completely  passive  state,  is  ftir  from  being  limited  to  chlo- 
rine; it  re-appears  in  the  case  of  sulphur.  The  sulphuret  of 
carbon  yields  to  none  of  the  tests  to  which  we  commonly  re- 
sort for  determining  the  presence  of  sulphur,  for  the  simple 
reason  that  its  sulphur  is  in  an  inactive  state.  This  substance, 
moreover,  serves  to  illustrate  what  has  been  said  of  the  gra- 
dual passage  of  bodies  from  a  state  of  complete  activity  to  one 
of  complete  inactivity.  Berzelius  recognises  for  it  three  dif- 
ferent allotropic  states,  an  alpha,  beta,  and  gamma  condition. 
In  none  of  these  is  it  in  that  condition  of  absolute  inactivity 
which  it  assumes  in  the  sulphuret  of  carbon*. 

In  offering  these  experiments  and  arguments  to  the  consi- 
deration of  chemists,  I  am  fully  aware  of  the  magnitude  of  the 
change  which  would  be  impressed  on  the  science  generally, 

*  For  these  examples,  the  chloride  and  sulphuret  of  carbon,  I  am  in- 
debted to  M.  Millon's  paper,  Remarks  on  the  Elements  which  compose 
Organic  Substances,  and  on  their  Mode  of  Combination,  Coinptes  Jfcndus, 
t.  xix.  p.  799.  That  chemist,  however,  gives  a  very  different  explanation 
of  the  phaenomena  involved. 
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and  especially  on  several  of  our  modern  theories,  by  their  re- 
ception. The  long-established  idea  of  the  immutability  of  the 
properties  of  elementary  bodies  would  to  a  certain  extent  be 
sacrificed ;  and  it  is  probable  that  before  these  results  are 
conceded,  more  cogent  evidence  of  the  main  principle  will  be 
required.  In  the  mean  time,  however,  it  is  plain  that  the  ad- 
mission of  these  doctrines  throws  much  light  on  theories  now 
extensively  attracting  the  attention  of  men  of  science,  and  for 
that  reason  they  commend  themselves  to  our  consideration. 
1  have  offered  no  opinion  here  on  the  atomic  mechanism  which 
is  involved  in  these  changes  from  an  active  to  a  passive  state, 
though  it  is  impossible  to  deal  with  these  things  without  the 
reflection  arising  in  our  minds,  that  here  we  are  on  the  brink 
of  an  extensive  system  of  evidence  connected  with  the  polarity 
of  atoms, — an  idea,  which,  under  a  variety  of  forms,  is  now 
occurring  in  every  department  of  natural  philosophy. 
University  of  New  York,  July  29, 1845. 

LI.   On  ihe  Diffusion  of  Gases. 
By  Thomas  Starkie  Thomson,  Esg^. 

To  Richard  Taylor,  Esq. 
Dear  Sir, 
/^N  perusing  lately  the  highly  interesting  volume  on  Natu- 
^-^  ral  Magic  by  your  distinguished  co-editor.  Sir  David 
Brewster,  I  was  much  struck  by  his  description  of  natural 
phoenomena  which  liad  for  many  years  past  occupied  my  con- 
sideration. 

As  one  fact  which  was  new  to  me  bears  directly  upon  the 
subject  of  my  previous  conununications  to  you  on  the  Diff'u- 
sion  of  Gases,  and  will,  I  think,  tend  further  to  elucidate  the 
matter,  I  n)ay  be  allowed  to  offer  some  observations  upon  it, 
and  shall  introduce  them  by  the  following  quotation  from  the 
learned  author. 

*'  The  great  audibility  of  sounds  during  the  night  is  a  plue- 
nomenon  of  considerable  interest,  and  one  which  had  been 
observed  even  by  the  ancients.  In  crowded  cities,  or  in  their 
vicinity,  the  effect  was  generally  ascribed  to  the  rest  of  ani- 
mated beings,  while  in  localities  where  such  m\  explanation 
was  inapplicable,  it  was  .sup|)osed  to  arise  irom  a  favourable 
direction  of  the  prevailing  wind.  Haron  Humboldt  was  par- 
ticularly struck  with  this  pha^nomenon  when  he  first  heard 
the  rushing  of  the  great  cataracts  of  the  Orinoco  in  the  plain 
whicii  surrounds  the  Mission  of  the  Apures.  These  sounds 
he  regarded  as  three  times  louder  during  the  night  than  du- 
ring tiie  day. 
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"  Some  authors  ascribed  this  fact  to  the  cessation  of  the 
humming  of  insects,  the  singing  of  birds,  and  the  action  of  the 
wind  on  the  leaves  of  trees;  but  M.  Humboldt  justly  main- 
tains that  this  cannot  be  the  cause  of  it  on  the  Orinoco,  where 
the  buzz  of  insects  is  much  louder  in  the  night  than  in  the 
day,  and  where  the  breeze  never  rises  till  after  sunset.  Hence 
he  was  led  to  ascribe  the  pheenomenon  to  the  perfect  trans- 
parency and  uniform  density  of  the  air,  which  can  exist  only 
at  nijjht  after  the  heat  of  the  ground  has  been  uniformly  dif- 
fused through  the  atmosphere.  When  the  rays  of  the  sun 
have  been  beating  on  the  ground  during  the  day,  currents  of 
hot  air  of  different  temperatures,  and  consequently  of  different 
densities,  are  constantly  ascending  from  the  ground  and  mix- 
ing with  the  cold  air  above.  The  air  thus  ceases  to  be  a  ho- 
mogeneous medium;  and  every  person  must  have  observed 
the  effects  of  it  upon  objects  seen  through  it,  which  are  very 
indistinctly  visible,  and  have  a  tremulous  motion  as  if  they 
were  dancing  in  the  air.  The  same  effect  is  perceived  when 
we  look  at  objects  through  spirits  and  water  that  are  not  per- 
fectly mixed,  or  when  we  view  distant  objects  over  a  red-hot 
poker  or  over  a  flame.  In  all  these  cases  the  light  suffers  re- 
fraction in  passing  from  a  medium  of  one  density  into  a  me- 
dium of  a  different  density;  and  the  refracted  rays  are  con- 
stantly changing  their  direction  as  the  different  currents  rise 
in  succession.  Analogous  effects  are  produced  when  sound 
passes  through  a  mixed  medium,  whether  it  consists  of  two 
different  media,  or  of  one  medium  where  portions  of  it  have 
different  densities.  As  sound  moves  with  different  velocities 
through  media  of  different  densities,  the  wave  which  produces 
the  sound  will  be  partly  reflected  in  passing  from  one  medium 
to  the  other,  and  the  direction  of  the  transmission  wave 
changed ;  and  hence  in  passing  through  such  media,  different 
portions  of  the  wave  will  reach  the  ear  at  different  times,  and 
thus  destroy  the  sharpness  and  distinctness  of  the  sound. 
This  may  be  proved  by  many  striking  facts.  If  we  put  a  bell 
in  a  receiver  containing  a  mixture  of  hydrogen  gas  and  atmo- 
spheric air,  the  sound  of  the  bell  can  scarcely  be  heard." 

With  all  due  deference  to  so  great  an  authority  as  Sir  David 
Brewster,  I  cannot  admit  the  analogy  between  the  non-exist- 
ence of  sound  in  a  mixture  of  hydrogen  gas  and  atmospheric 
air,  and  the  interruptions  to  hearing  and  vision  produced  by 
the  refraction  of  sound  and  light  "in  passing  from  a  medium 
of  one  density  into  a  medium  of  a  different  density."  Surely 
when  hydrogen  gas  and  atmospheric  air  are  mixed  in  a  re- 
ceiver, there  cannot  exist  media  of  different  densities?  In 
accordance  with  the  law  of  the  diffusion  of  gases,  the  arrange- 
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ment  of  the  molecules  of  the  three  gases  concerned  must  be 
perfectly  symmetrical.  I  see  in  this  fact  a  confirmation  of  an 
idea  which  I  believe  I  was  the  first  to  announce,  of  the  exist- 
ence of  an  attractive  force  between  mixed  gases  of  a  double 
character;  in  one  sense  a  chemical  force,  because  it  exists 
only  between  the  particles  of  disnmilar  gases ;  in  another 
sense  a  mechanical  force,  because  it  obeys  a  mechanical  law, 
— the  law  of  diffusion  as  ascertained  by  Prof.  Graham.  In 
atmospheric  air,  which  is  a  mixture^  not  a  chemical  combina- 
tion^ of  oxygen  and  nitrogen,  the  chemical  force  is  so  feeble 
as  not  to  interfere  with  the  communication  of  sound,  as  it 
would  take  place  in  a  homogeneous  medium.  But  in  a  mix- 
ture of  oxygen,  nitrogen  and  hydrogen,  the  conditions  are 
changed ;  the  superior  chemical  affinity  of  oxygen  for  hydro- 
gen disturbs  the  mechanical  equilibrium  of  the  system ;  the 
molecules  cease  to  vibrate,  as  in  a  homogeneous  medium; 
and  sound  ceases  to  be  communicated,  as  I  infer  from  the  fact 
announced  by  Sir  David  Brewster. 

I  cannot  better  conclude  these  remarks  than  by  adding  to 
the  interesting  facts  previously  quoted,  the  explanation  of  a 
similar  phaenomenon  which  I  have  never  seen  noticed  before. 
In  Lancashire,  where  I  passed  the  early  years  of  my  life,  I 
soon  found  that  it  was,  among  the  farmers  and  country  people, 
a  traditional  observation,  that  when  the  distant  hills  appeared 
unusually  distinct,  it  was  a  sign  of  approaching  rain.  This  I 
attribute  to  the  homogeneity  of  the  atmosphere  under  such 
circumstances,  with  respect  to  aqueous  vapour. 

The  whole  intervening  space  between  the  eye  and  the  di- 
stant object  is  saturated  with  moisture,  and  consequently 
vision  is  more  perfect,  as  there  are  no  series  of  media  of  dif- 
ferent densities  to  interfere  with  the  direct  transmission  of 
light. 

I  am.  Sir, 

Your  obedient  Servant, 
Richmond,  October  1,  1845.  ThomAS  Staiikie  THOMSON. 

LI  I.  On  Grotthus's  Theory  of  Molecular  Decomposition  and 
Recomposition.  By  "W .  R.  Grove,  J£sq.,  F.R.S.f  Src,  and 
Professor  of  Natural  Philosophy  in  the  London  Institution. 

To  Richard  Phillips,  Esq.,  F.H.S. 
Dear  Sir, 
rilMK  great  mystery  of  voltaism,  or  llie  phicnomenon  of  two 
X      conKtituents  of  a  chemical  compound  being  eliminated 
at  distant  points  without  any  apparent  disturbance  in  the  in- 
tervening liquid,  is  accounted  lor,  os  you  are  well  aware,  by 


Molecular  Decomposition  and  Itecomposition.         349 

Grotthus,  on  the  supposition  of  a  series  of  molecular  decom- 
positions and  recompositions.  This  theory  has  become  almost 
universally  adopted  by  electro-chemists;  I  have  frequently 
availed  myself  of  it  in  my  lectures,  and,  though  with  some 
doubt  and  hesitation,  have  applied  it  to  explain  the  action  of 
the  gas  battery.  I  have  ever  been  anxious,  if  possible,  to  ac- 
count for  nevir  phsenomena  by  generally  received  theories,  one 
main  object  of  a  theory  being  to  collate  facts  in  a  manner 
which  may  render  them  conventionally  intelligible,  while  plu- 
rality of  theories  introduces  anarchy  into  science. 

It  has  lately,  however,  struck  me  very  forcibly  that  the  gas 
battery  presents  a  strong  objection  to  the  theory  of  Grotthus, 
or  in  other  words,  that  it  places  us  in  a  dilemma  in  which  we 
must  either  abandon  this  theory  or  the  generally  received 
views  (I  think  I  may  say  established  laws)  of  chemical  affinit)'. 
My  difficulty  is  this.  In  a  single  pair  of  the  gas  battery,  we 
must,  according  to  the  theory  of  Grotthus,  suppose  that  oxy- 
gen and  hydrogen  tear  asunder  oxygen  and  hydrogen  already 
united ;  for  whether  we  suppose  the  action  to  begin  at  the  hy- 
drogen extremity  of  the  electrolyte,  or  at  the  oxygen,  or  at 
both  simultaneously,  the  force  which  produces  the  composition 
of  water  is  regarded  by  the  theory  sufficiently  strong  to  over- 
come the  force  by  which  its  constituents  are  already  united, 
i,  e.  a  force  is  equal  and  unequal  at  the  same  time. 

The  gas  battery  also  presents  cases  where,  according  to  this 
theory,  a  more  feeble  affinity  overcomes  a  more  powerful  one, 
as  when  water  is  the  electrolyte  and  deutoxide  of  nitrogen  and 
oxygen  the  gases  :  we  have  indeed  some  instances  in  chemistry 
where  the  order  of  affinities  is  reversed,  as  in  the  decomposi- 
tion of  water  by  iron,  and  of  oxide  of  iron  by  hydrogen,  sup- 
posing the  oxide  to  be  the  same  in  each  case,  which  is  much 
doubted ;  but  we  have  no  instance,  as  far  as  I  am  aware,  of 
the  divellent  and  quiescent  affinities  being  identical,  as  for  in- 
stance, the  affinity  of  oxygen  for  hydrogen  decomposing  water, 
that  of  oxygen  for  iron  tlecomposing  oxide  of  iron.  Where 
water  is  decomposed  at  the  electrodes  by  a  series  of  the  gas 
battery,  the  same  difficulty  does  not  arise ;  as,  abandoning  all 
theory  as  to  the  transfer  in  the  cells  of  the  battery,  there  is 
nothing  inconsistent  in  the  fact,  that  the  reduplicated  force  of 
a  series  of  affinities  should  overcome  an  equal  or  stronger  af- 
finity taken  singly,  just  as  we  decompose  potash  by  a  series  of 
affinities  of  zinc  for  oxygen ;  but  in  the  single  cell  there  is  no 
such  exaltation  of  intensity. 

It  may  be  said  that  the  pulverulent  platinum  exalts  the  che- 
mical energies  of  the  gases,  but  this  I  think  is  inconsistent 
with  all  we  know  of  the  catalytic  action  of  platinum ;  all  the 


350     Messrs.  Schlossberger  and  Kemp  on  the  Proportion  of 

observed  facts  go  to  prove  that  platinum  reduces  the  gases  to 
a  state  analogous  to  the  nascent  state,  i.  e.  one  at  which  their 
specific  chemical  energies  are  at  the  highest,  but  it  does  not 
change  their  specific  energies;  thus  platinum  enables  gaseous 
oxygen  to  combine  with  gaseous  hydrogen,  but  it  does  not 
give  to  oxygen  the  affinities  of  chlorine,  or  to  hydrogen  those 
of  potassium.  Even  the  granting  this  hypothesis,  however, 
does  not  extricate  us,  as  whatever  specific  power  the  platinum 
may  possess  in  respect  to  the  gas,  it  must  also  possess  in  re- 
spect to  the  electrolyte ;  it  can  scarcely  be  supposed  to  assist 
combination  and  yet  not  to  prevent  decomposition  of  the  same 
molecule;  it  is  an  equation  upon  any  view. 

Nor  can  it  be  supposed  that  the  action  in  the  liquid  of  the 
gas  battery  cells  differs  from  other  cases  of  electrolysis;  the 
line  of  discharge  in  the  gas  battery  affects  the  magnet,  and  in- 
deed forming  portion  of  the  voltaic  circuit,  it  would  be  con- 
trary to  all  analogy  to  suppose  it  exceptional  in  respect  of  its 
mode  of  action.  An  hypothesis  might  be  framed  which  would 
regard  the  action  of  the  gas  battery  as  resulting  from  the 
formation  of  a  soluble  peroxide  of  hydrogen  and  perhydruret 
of  oxygen;  but  if  so,  a  similar  hypothesis  must  be  extended  to 
all  cases  of  electrolysis ;  and  this  view  presents  many  difficul- 
ties. Perhaps  some  of  your  correspondents  may  be  able  to 
solve  the  theorem ;  for  if  not  reconciled  with  facts,  however 
ingenious  and  useful  the  theory  of  Grotthus  be,  it  is  a  theory, 
while  the  gas  battery  is  a  fact,  and  in  case  of  collision,  it  is 
needless  to  say  which  must  go  to  the  wail. 

1  remain,  my  dear  Sir, 

Yours  very  truly, 

W.  R.  Grove. 

LTII.  On  the  Proportion  of  Nitrogen  contai^ied  in  yllimcntary 
Substances  taken  from  both  the  Organic  Kingdoms  as  a  com- 
parative measure  of  their  Nutritive  Po'joer.  Dij  Dr.  J. 
ScnLossBERGEii  and  Alexander  Kemp,  Assistant  Chemi- 
cal Teachers  in  the  University  of  Edinburgh* . 

T^HK  distinction  between  the  elements  of  the  reproductive 
-■  and  those  of  the  respiratory  functions,  is  probably  one 
of  the  most  fertile  ideas  for  which  physiology  is  indebted  lo 
modern  chemislry;  even  if  we  do  not  admit  lliat  division  in  its 
full  extent,  nevertheless  we  must  allow  it  to  be  a  beautiful ly 
conceived  idea,  and  one  founiled  on  a  great  amount  of  observa- 
tion. It  niuy  be  assumed  with  safety  that  no  other  classifica- 
tion of  the  substances  comprised  under  the  vague  designation 
*  Coinmunicat«d  by  tlie  Authom. 
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of  alimentary  bodies,  has  in  an  equal  degree  represented  the 
essential  differences  in  their  chemical  composition  and  their 
physiological  effects,  or  has  presented  to  the  eye  of  the  mind 
the  important  part  which  these  substances  perform,  as  the 
above-mentioned  distinction,  which  is  also  identical  with  that 
of  azotised  and  non-azotised  bodies. 

In  order  to  give  some  indication  of  the  state  of  confusion 
which  existed,  even  in  this  most  elementary  proposition  of 
dietetics,  previous  to  that  distinction  being  made,  it  may  not 
be  more  than  necessary  to  mention  the  idea  of  that  classical 
author,  Dr.  Prout*,  that  the  nutritive  power  is  in  direct  pro- 
portion to  the  quantity  of  carbon.  At  the  present  day  not  a 
single  fact  is  known  which  can  support  the  idea  of  the  animal 
body  being  able  to  form  azotised  from  non-azotised  substances, 
— possibly,  under  the  influence  of  ammonia  or  of  nitrogen 
from  the  atmosphere;  on  the  contrary,  all  experiments,  as 
well  as  daily  observation,  seem  to  prove  the  absolute  neces- 
sity of  azotised  food  for  the  preservation  of  the  individual. 
Chemistry  has  likewise  demonstrated  the  presence  of  a  more 
or  less  high,  but  constant  proportion  of  nitrogen  in  all  the 
tissues  and  fluids  of  the  animal  body,  while  in  all  those  sub- 
stances which,  according  to  our  modern  ideas,  are  the  most 
nutritive,  namely,  the  proteine  compounds,  the  carbon  is  pre- 
sent in  medium  quantity.  Those  substances  esteemed  by 
Prout  the  most  nourishing,  because  richest  in  carbon,  as  the 
fats  and  oils,  must  be  altogether  excluded  from  the  list  of  re- 
productive bodies,  except  in  so  far  as  fatty  matter  is  necessary 
to  the  formation  of  animal  cells.  The  chemical  physiologist 
could  make  use  of  the  theory  of  Prout,  in  measuring  the 
fitness  of  the  bodies  necessary  to  respiration,  if  along  with 
the  carbon  could  be  taken  into  account  the  quantity  of  com- 
bustible or  unoxidized  hydrogen  contained  in  them;  but  for 
those  substances,  which  in  the  strict  sense  of  the  word  are  ca- 
pable of  being  transformed  into  blood  and  animal  tissue,  ac- 
cording to  our  present  knowledge,  the  capability  for  these 
purposes  may  be  estimated  relatively  by  the  amount  of  nitro- 
gen. This  has  been  already  done  to  a  certain  extent  by  the 
researches  of  several  chemists  and  physiologists,  but,  so  far  as 
we  are  aware,  it  has  been  confined  to  vegetables;  and  it  there- 
fore appeared  to  us  not  to  be  without  interest  to  make  use  of 
the  same  principle  in  extending  the  investigation  to  the  various 
alimentary  substances  taken  from  the  animal  kingdom,  and  so 
to  give  to  the  j)hysiologist  a  basis  founded  on  facts  in  a  de- 

*  See  Mayo's  Outlines  of  Human  Physiology,  p.  206,  second  edition. 
London,  1829. 
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partment  which  has  hitherto  been  so  defective  in  the  myste- 
rious doctrine  of  nutrition. 

Already  Boussingault  and  Liebig  have  demonstrated,  that 
in  general  the  amount  of  proteine  compound,  and  therefore 
that  of  nitrogen,  is  in  a  direct  ratio  to  the  phosphates ;  this 
proposition  has  as  yet  been  extended  only  to  vegetable  matters, 
but  will  most  probably  preserve  its  value  when  applied  like- 
wise to  those  derived  from  animals.  In  so  far  as  the  nitrogen 
ma}'  be  taken  as  an  indication  of  the  quantity  of  these  salts, 
we  could  not  find  any  observations  as  to  how  far  it  might  be 
also  applied  to  the  gelatigenous  compounds ;  and  we  have  al- 
luded to  this  as  a  very  interesting  field  for  future  research, 
particularly  with  regard  to  the  phosphate  of  lime,  which 
seems  so  universal  and  so  necessary  to  the  whole  animal  ceco- 
nomy. 

It  seems  to  be  at  present  a  proper  time  to  overcome  an  ob- 
jection, which,  if  not  alluded  to,  might  have  been  made  against 
our  attempt  to  determine  the  nutritive  power  of  animal  ali- 
ments; it  is  with  regard  to  the  delicate  question  of  the  use  of 
animal  gelatine,  which  seemed  to  Mulder,  and  likewise  to  us, 
as  not  at  all  decided  by  the  experiments  lately  made  at  Paris. 
It  is  a  fact  sufficiently  proved  by  the  experiments  of  Magendie, 
Tiedemann  and  Gmelin,  that  any  substance,  even  the  most 
nourishing,  if  very  simple  and  used  without  admixture,  cannot 
sustain  animal  life  for  any  length  of  time;  and  if  it  was  proved 
at  Paris  that  dogs  fed  exclusively  on  gelatine  perish,  it  is  for 
from  being  just  to  conclude  that  the  substance  is  not  nutri- 
tive, as  we  should  be  compelled  to  apply  the  same  rule  to  al- 
bumen and  fibrine,  by  the  exclusive  use  of  which  an  animal 
would  no  less  speedily  perish.  At  all  events  gelatine  has  a 
high  value  as  nutriment,  if  even  that  value  arises  alone  from 
its  being  useful  in  the  formation  of  gelatigenous  tissues ;  in 
addition,  the  gelatigenous  tissues,  as  well  as  those  containing 
proteine,  in  regard  to  their  formation  and  chemical  constitu- 
tion, seem  to  lie  in  close  relation,  although  that  relation  is  at 
present  not  perfectly  understood*.  The  experience  of  our 
best  physicians  at  the  bedside  of  the  patient  tends  to  prove 
that  during  convalescence  a  well-prepared  gelatinous  diet,  but 
not  exclusively  gelatinous,  is  highly  nutritious. 

Ail  organic  alimentary  substances,  as  presented  to  us  by 
nature)  are  mixtures,  but  seem  to  be  pretty  constant  in  their 
composition,  although  variously  modified  by  our  diflorent 
modes  of  cooking  thcnii  Of  such  natural  mixtures,  the 
greater  purl  taken  from  vegetable  bodies  have  already  had  the 

*  8eo  Mulder's  Chemistry  of  Animal  nnd  Vegetable  Physiology,  trans- 
lated by  Frombcrg,  .31 U  and  following  pages. 
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proportion  of  nitrogen  contained  in  them  determined  by  pre- 
vious observers;  and  we  believe  we  shall  best  introduce  the 
subject  by  a  concise  representation  of  that  which  has  been 
done  in  regard  to  the  vegetable  part  of  our  aliments,  which 
will  likewise  afford  the  best  means  of  comparing  the  results 
of  our  experiments  on  animal  substances. 

The  following  table  shows  the  amount  of  nitrogen  contained 
in  100  parts  of  the  dry  vegetable  bodies  named  in  it: — 

Rice 1-39 

Potatoes 1*5 

Turnips 1  •? 

Rye 1-7 

Oats 2-2 

Wheat 2-0  to  2-3 

Carrots 2*4 

Barley 2*0 

Maize 2'0 

Peas 3-8 

Lentils 4<*4 

Haricots .  4*5 

Beans 5'1 

White  bread 2"27 

Brown  bread 2*63 

Glasgow  unfermented  bread  2*  14 

Essex  flour .2*17 

Canada  flour 2*21 

Lothian  flour 1-96 

United  States  flour    .     .     .  r82-- 

Agaricus  deliciosus     .     .     .     4*6   'I  Schlossberger  and  Doepping, 
russula     ....      4*2     >■  Liebig's  ^wja/cn  for  October 
'     '     '      f,  a     \     1844,     Chemical    Gazette, 


Boussiugault,  Ecoriomie 
Rurale.  Paris,  1844, 
tome  2'^e^  p.  438. 


R.  D.  Thomson,  in  the 
London  and  Edinburgh 
Philosophical  Maga- 
zine for  November 
1843. 


cantharellus 


Boussingault  has  calculated  from  the  results  of  his  experi- 
ments, that  which  he  calls  the  equivalent  nutritive  powers  of 
these  substances  for  the  domestic  herbivorous  animals,  and 
Thomson  has  also  given  one  for  those  bodies  which  he  exa- 
mined. We  omit  these  tables,  as  we  have  the  intention  of 
constructing  a  table  of  our  own  for  all  the  substances  which 
are  used  as  food  by  man,  and  which  have  been  hitherto  exa- 
mined in  this  respect. 

We  may  now  proceed  to  the  relation  of  our  experiments. 
All  the  substances  made  the  subject  of  observation  were  first 
carefully  dried  at  212°  F.,  and  then  analysed  according  to  the 
method  of  Varrentrapp  and  Will,  slightly  modified  to  over- 
come some  practical  difficulties. 


Phil,  Mag.  S.  3.  Vol.  27.  No.  181,  Nov.  1845. 
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Intermediate  between  animal  and  vegetable  aliment,  as  daily 
observation  leaches  and  chemical  analysis  confirms,  is  to  be 
found  the  most  general  food  of  the  young  of  the  class  Mam- 
malia, namely,  milk. 

I.  Cow's  milk.  O'^O*  gramme*  of  the  dried  residue,  ob- 
tained by  evaporating  the  fresh-drawn  milk  in  the  water-bath 
and  subsequent  desiccation  at  212°  F.,  yielded  0'241  grm.  of 
the  ammonio-chloride  of  platinum,  corresponding  to  3*78  per 
cent,  of  nitrogen. 

II.  0*438  grm.  human  milk,  treated  as  in  the  first  experi- 
ment, gave  0"11  grm.  ammonio-chloride  of  platinum,  equal  to 
1*59  per  cent,  of  nitrogen. 

Human  milk  is,  according  to  most  analyses,  one  of  the 
poorest  in  caseine,  and  in  this  respect  is  very  far  inferior  to 
that  of  the  cow,  but  in  consequence  of  this  may  probably  be 
more  easily  digested.  The  amount  of  nitrogen  in  milk,  whicli 
corresponds  to  that  of  caseine,  comes  much  nearer  to  the  pro- 
portion contained  in  vegetables  than  any  other  kind  of  aliment 
from  the  animal  kingdom. 

Of  the  substances  obtained  from  milk  and  used  as  food,  we 
have  examined  only  that  of  cheese,  selecting  four  of  tlie  kinds 
most  commonly  used  in  Britain. 

III.  0*485  grm.  of  Dunlop  cheese  gave  0*461  grm.  of  am- 
monio-chloride of  platinum,  equal  to  6*03  per  cent,  of  nitro- 
gen. 

IV.  0*475  grm.  of  Gouda  cheese  gave  0*532  grm.  of  ammo- 
nio-chloride of  platinum,  equal  to  7*H  per  cent,  of  nitrogen. 

V.  0*444  grm.  of  Cheshire  cheese  gave  0*471  g>m.  of  am- 
monio-chloride of  platinum,  equal  to  6*75  per  cent,  of  nitro- 
gen. 

VI.  0*477  gi'iTJ.  of  double  Gloucester  cheese  gave  0*525 
grm.  of  ammonio  chloride  of  platinum,  equal  to  6*98  per  cent, 
of  nitrogen. 

VII.  0*557  grni.  of  a  very  old  double  Gloucester  cheese, 
abounchng  in  mites  and  mould,  in  the  condition  in  which  it  is 
sought  after  to  gratify  the  depraved  tnsie  of  the  epicure,  gave 
O'+SS  grm.  of  ammonio-chloride  of  platinum,  ecjual  to  5*27 
per  cent,  of  nitrogen. 

We  add  here,  as  being  sinulnr  in  composition,  the  yolk  of 
the  egg  of  the  conmion  fowl. 

VI II.  0*52()  grm.  of  well-dried  yolk  gave  0*387  grm.  of 
ommoniochloride  of  platinum,  equal  to  4*86  per  cent,  of  ni- 
trogen. 

*  'I'hc  balance  itkrd  in  thcae  annly^n  havini^  bvun  iiuulc  by  Dclciiil  of 
Pario,  iind  bciitK  only  fiirninhcd  witb  Krcnch  weights,  will  account  (or  tlic 
introduction  of  the  word  here,  und  in  the  otlicr  nnnlyscs  throtighuut  the 
papctt    The  Krcnch  grnmino  ii  oqiinl  to  15*444  RngliHli  grains. 
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Somewhat  more  nutritive  than  milk,  and  more  nearly  allied 
to  cheese,  is  a  series  of  bodies  obtained  from  the  lower  orders 
of  the  animal  kingdon.  We  give  here,  as  examples,  the 
oyster  and  one  or  two  others. 

IX.  0*418  grm.  of  the  oyster,  Ostrea  edulis,  gave  0*346 
grm.  of  ammonio-chloride  of  platinum,  equal  to  5*25  per  cent, 
of  nitrogen. 

As  this  seemed  to  us  a  very  low  result,  we  repeated  our 
analysis,  which,  however,  confirmed  our  first  experiment;  in 
this  case  0*354  grm.  giving  0*283  grm.  of  ammonio-chloride 
of  platinum,  equal  to  5*07  per  cent,  of  nitrogen. 

X.  0*354  grm.  of  the  yellow  matter  (liver  and  bile)  from 
the  crabfish.  Cancer  communis,  gave  0*418  grm.  of  ammonio- 
chloride  of  platinum,  equal  to  7*52  per  cent,  of  nitrogen. 

XI.  0*377  grm.  of  the  common  mussel,  Mytilus  edulis,  gave 
0*498  grm.  of  ammonio-chloride  of  platinum,  equal  to  8*41 
per  cent,  of  nitrogen. 

XII.  0*308  grm.  of  the  above  animal,  previously  boiled, 
gave  0*510  grm.  of  ammonio-chloride  of  platinum,  equal  to 
10*51  per  cent,  of  nitrogen. 

We  find  that  many  of  the  organs  of  the  higher  animals,  for 
example,  the  liver  of  the  ox,  nearly  agree  in  the  amount  of 
nitrogen  with  those  substances  we  have  just  treated  of. 

XIII.  0*432  grm.  of  ox  liver  gave  0*726  grm.  of  ammonio- 
chloride  of  platinum,  equal  to  10*66  per  cent,  of  nitrogen. 

XIV.  0*419  grm.  of  the  liver  of  the  pigeon  gave  0*778  grm. 
of  ammonio-chloride  of  platinum,  equal  to  11*80  per  cent,  of 
nitrogen. 

For  the  reason  just  mentioned,  we  here  likewise  notice  the 
analysis  of  the  muscles  of  some  kinds  of  fish,  which,  from 
being  quite  saturated  with  oil,  give  a  low  amount  of  nitrogen ; 
for  instance,  that  of  the  eel  containing  6*91  per  cent.,  and 
pork  ham,  from  the  large  quantity  of  salt,  giving  only  8*57 
per  cent. ;  but  we  shall  return  to  these  more  in  detail.  The 
connecting  link  between  the  two  extremities  of  the  nutritive 
scale  of  animal  aliments  we  have  formed,  appears  to  be  the 
dried  extract  of  meat,  which  is  sold  under  the  name  of  port- 
able soup,  or  bouillon. 

XV.  0*441  grm.  of  portable  soup,  of  an  excellent  quality, 
gave  0*845  grm.  of  ammonio-chloride  of  platinum,  equal  to 
12*16  per  cent,  of  nitrogen.  Osmazome  is  therefore  a  body 
rich  in  nitrogen,  probably  from  containing  oxide  of  proteine, 
and  perhaps  also  kreatine. 

We  shall  give  our  results  on  the  different  kinds  of  flesh, 
including  that  of  the  fishes  also,  with  which  we  begin. 

Common  eel,  Anguilla  vulgaris. — The  flesh  of  this  fish  is 
2  A  2 
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poorer  in  nitrogen  than  any  of  the  others  which  we  have  exa- 
mined, in  consequence  of  the  large  quantity  of  fat  or  oil  it 
contains ;  indeed,  during  the  whole  desiccation  it  was  floating 
in  a  liquid  fat. 

XVI.  O'S'l'S  grm.  of  raw  eel's  flesh  gave  0'379  gnn.  of 
ammonio-chloride  of  platinum,  equal  to  6'91  per  cent,  of  ni- 
trogen. 

XVII.  0*306  grm.  of  boiled  eel's  flesh  gave  0*329  grm.  of 
ammonio-chloride  of  platinum,  equal  to  6*82  per  cent,  of  ni- 
trogen. 

XVIII.  0*293  grm.  of  eel's  flesh,  which  had  been  previ- 
ously washed  with  distilled  water  and  afterwards  boiled  in  al- 
cohol as  long  as  any  matter  separated,  yielded  0*667  gi'm. 
of  ammonio-chloride  of  platinum,  equal  to  14*45  per  cent, 
of  nitrogen,  a  quantity  as  great  as  that  from  the  higher  ani- 
mals. 

XIX.  0*274'  grm.  of  the  flesh  of  the  salmon,  ScUmo  Fario, 
gave  0*533  grm.  of  ammonio-chloride  of  platinum,  equal  to 
12*35  per  cent,  of  nitrogen, 

XX.  0*286  grm.  of  boiled  salmon  gave  0*437  grm.  of  am- 
monio-chloride of  platinum,  equal  to  9*70  per  cent,  of  nitro- 
gen. 

XXI.  0*319  grm.  of  the  purified  muscular  fibre  of  the  sal- 
mon gave  0*785  grm.  of  ammonio-chloride  of  platinum,  equal 
to  1 5*62  per  cent,  of  nitrogen. 

XXII.  0*271  grm.  of  the  raw  herring,  Clupea  Hare7igus, 
gave  0*590  grm.  of  ammonio-chloride  of  platinum,  equal  to 
14*48  per  cent,  of  nitrogen. 

XXIII.  0*314  grm.  of  boiled  herring  gave  0*636  grm.  of 
ammonio-chloride  of  platinum,  equal  to  12*85  per  cent,  of  ni- 
trogen. 

XXIV.  0*350  grm.  of  purified  muscle  of  the  herring  gave 
0*802  grm.  of  ammonio-chloride  of  platinum,  equal  to  14*54 
per  cent,  of  nitrogen. 

XXV.  0-4065  grm.  of  the  milt  of  the  herring  gave  0-940 
grm.  of  ammonio-chloride  of  platinum,  equal  to  14-69  per 
cent,  of  nitrogen.  This  substance  is  therefore  as  nutritive  as 
the  muscular  parts  of  the  fish,  containing  the  same  amount  of 
nitrogen. 

XXVI.  0*316  grm.  of  the  flesh  of  the  haddock,  A^.gh'finns 
communis^  gave  0*729  grm.  of  anunonio-chloride  of  platinum, 
equal  to  14*64  per  cent,  of  nitrogen. 

XXVII.  0-331  grm.  of  boilcdimddock  gave  0*677  grm.  of 
ammonio-chloride  of  platinum, c(jual  to  12*98  percent,  of  nitro- 
gen. Whereas  in  the  case  of  the  herring,  salmon,  haddock,  and 
««li  the  pro|M>rtion  of  nitrogen  wah  considerably  diminished 
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by  boiling  the  flesh  foi-  about  half  an  hour,  the  reverse  of  this 
occurred  in  some  of  the  other  cases  ;  for  example,  in  the  mus- 
sel, the  flesh  of  the  ox  and  calf.  These  are  mere  observations 
of  facts,  arising  probably  from  accidental  causes;  the  modifi- 
cation which  meat  undergoes  by  boiling  not  being  sufficiently 
understood  by  chemists  at  present,  although  Mulder  has 
proved  the  formation  of  oxide  of  proteine  by  it;  from 
the  observations  just  made,  no  general  conclusion  can  be 
drawn,  because  they  do  not  seem  to  coincide,  at  least  at  first 
sight. 

XXVIII.  0*271  grm.  of  the  purified  muscle  of  the  had- 
dock gave  0*671  gmi.  of  ammonio-chloride  of  platinum,  equal 
to  15'72  per  cent,  of  nitrogen. 

XXIX.  O'SIS  grm.  of  the  flesh  of  the  flounder,  Platessa 
Flessus,  gave  0*783  grm.  of  ammonio-chloride  of  platinum, 
equal  to  14*28  per  cent,  of  nitrogen. 

XXX.  0*34'2  grm.  of  boiled  flounder  gave  0*818  grm.  of 
ammonio-chloride  of  platinum,  equal  to  15*18  per  cent,  of  ni- 
trogen. 

XXXI.  0*301  grm.  of  purified  muscle  of  the  flounder  gave 
0*745  grm.  of  ammonio-chloride  of  platinum,  equal  to  15*71 
per  cent,  of  nitrogen. 

We  have  selected  the  skate,  Raia  Batis,  as  a  fair  example 
of  the  cartilaginous  order  of  fishes. 

XXXII.  0*415  grm.  of  the  flesh  of  the  skate  gave  1*066 
grm.  of  ammonio-chloride  of  platinum,  equal  to  15*39  per 
cent,  of  nitrogen. 

XXXIII.  0*402  grm.  of  boiled  skate  gave  0*964  grm.  of 
ammonio-chloride  of  platinum,  equal  to  15*22  per  cent,  of  ni- 
trogen. 

XXXIV.  0*407  grm.  of  the  boiled  muscle  taken  from  the 
claw  of  the  crabfish  gave  0*877  grm.  of  ammonio-chloride  of 
platinum,  ecjual  to  13*66  per  cent,  of  nitrogen.  From  this 
analysis  we  are  led  to  believe  that  the  muscles  of  the  Crustacea 
are  as  rich  in  nitrogen  as  those  of  much  more  highly  organised 
animals. 

XXXV.  0*299  grm.  of  the  flesh  of  the  pigeon  gave  0*570 
grm.  of  ammonio-chloride  of  platinum,  equal  to  12*10  per 
cent,  of  nitrogen.  This  is  a  surprisingly  low  number,  more 
especially  as  the  muscle  of  this  bird  was  nearly  free  of  fat. 

XXXVI.  0*334  grm.  of  boiled  pigeon  gave  0*649  grm.  of 
ammonio-chloride  of  platinum,  equal  to  12*33  per  cent,  of  ni- 
trogen. 

XXXVII.  0*166  grm.  of  the  purified  muscle  of  the  pigeon 
gave  0*344  grm.  of  ammonio-chloride  of  platinum,  equal  to 
13*15  per  cent,  of  nitrogen.     The  fibre  used  in  this  expert- 
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ment  most  tenaciously  retained  a  small  quantity  of  the  colour- 
ing matter  of  the  blood.  We  have  already  given  the  analysis 
of  the  liver  of  this  bird  (experiment  XIV.). 

XXXVIII.  0'347  grm.  of  lamb  gave  0*725  grm.  of  ammo- 
nio-chloride  of  platinum,  equal  to  13'26  per  cent,  of  nitrogen. 

XXXIX.  0*320  grm.  of  the  purified  fibre  of  lamb  gave 
0*734  grm.  of  ammonio-chloride  of  platinum,  equal  to  14*56 
per  cent,  of  nitrogen. 

XL.  0*336  grm.  of  mutton  gave  0-651  grm.  of  ammonio- 
chloride  of  platinum,  equal  to  12*30  per  cent,  of  nitrogen.  In 
this  case  it  was  found  extremely  difiicult  to  separate  mechani- 
cally the  whole  of  the  fat :  it  is  necessary  to  notice  this,  as 
the  numbers  are  somewhat  lower  than  might  have  been  ex- 
pected, 

XLI.  0*341  grm.  of  boiled  mutton  gave  0*728  grm.  of 
ammonio-chloride  of  platinum,  equal  to  13*55  per  cent,  of  ni- 
trogen. 

XLII.  0*335  grm.  of  the  purified  fibre  from  mutton  gave 
0*779  grm.  of  ammonio-chloride  of  platinum,  equal  to  14*76 
per  cent,  of  nitrogen. 

XLIII.  0*318  grm.  of  veal  gave  0*696  grm.  of  ammonio- 
chloride  of  platinum,  equal  to  13*89  per  cent,  of  nitrogen. 

XLIV.  0*379  grm.  of  boiled  veal  gave  0*866  grm.  of  am- 
monio-chloride of  platinum,  equal  to  14*50  per  cent,  of  ni- 
trogen. 

XLV.  0*214  grm.  of  purified  fibre  from  veal  gave  0*532 
grm.  of  ammonio-chloride  of  platinum,  equal  to  15*78  per 
cent,  of  nitrogen. 

XLVI.  0-306  grm.  of  ox-beef  gave  0*675  grm.  of  ammonio- 
chloride  of  platinum,  equal  to  14*00  per  cent,  of  nitrogen. 

XLVII.  Last  experiment  repeated.  0*292  grm.  gave 
0*633  grm.  of  ammonio-chloride  of  platinum,  equal  to  13*73 
per  cent,  of  nitrogen. 

XLVIII.  0*331  grm.  of  boiled  beef  gave  0*781  grm.  of 
ammonio-chloride  of  platinum,  equal  to  14*98  per  cent,  of  ni- 
trogen. 

aLIX.  0*392  grm.  of  purified  fibre  of  beef  gave  0*919 
grra.  of  ammonio-chloride  of  platinum,  equal  to  14*88  per 
cent,  of  nitrogen,  'i'he  liver  of  the  ox  gave  10*66  per  cent, 
of  nitrogen  (see  XIII.). 

L.  0*216  grm.  of  the  lungs  of  the  ox  gave  0*504  grm.  of 
ammonio-chloride  of  platinum,  equal  to  14*81  per  cent,  of  ni- 
trogen. 

LL  0*359  grm.  of  pork-ham  gave  0*485  grm.  of  ammonio- 
chloride  of  platinum,  ecjual  to  8*57  per  cent,  of  nitrogen. 

Lll.  0*395  grm.  of  the  boiled  pork-ham  gave  0*777  grm. 
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of  ammonio-chloride  of  platinum,  equal  to  12*48  per  cent,  of 
nitrogen. 

LIII.  0*384  grm.  of  the  purified  fibre  of  pork-ham  gave 
0*860  grm.  of  ammonio-chloride  of  platinum,  equal  to  14*21 
per  cent,  of  nitrogen. 

We  regret  that  at  the  time  when  these  experiments  were 
made,  we  were  unable  to  procure  fresh  pork,  but  we  thought 
that  an  examination  of  the  salted  and  smoked  substance  would 
not  be  devoid  of  interest. 

From  these  results  we  see  that  there  is  no  appreciable 
change  produced  in  the  composition  of  the  fibre  by  the  pre- 
paration and  length  of  time  it  had  been  kept;  if  however  we 
take  equal  weights  of  the  prepared  ham  and  of  the  fresh  flesh 
of  the  sow,  we  shall  of  course  find  a  considerable  difference 
in  the  amount  of  nitrogen  from  the  large  quantity  of  salt  which 
is  present  in  the  prepared  ham.  We  conclude  this  account 
of  our  experiments  by  giving  the  analysis  of  the  white  of  the 
egg  of  the  barn-door  fowl. 

LIV.  0*369  grm.  of  the  white  of  the  egg  gave  0*781  grm. 
of  ammonio-chloride  of  platinum,  equal  to  13*44  per  cent,  of 
nitrogen.  The  quantity  of  nitrogen  in  pure  albumen,  as  de- 
termined by  Mulder,  is  15*8  per  cent. 

We  take  the  liberty  to  add  to  these  experiments  the  follow- 
ing remarks: — The  proportion  of  nitrogen  in  purified  mus- 
cular fibre  seems  to  be  identical,  from  whatever  part  of  the 
animal  kingdom  it  may  be  obtained ;  and  the  dift'erences  given 
by  the  results  of  analysis  may  be  fully  explained  by  the  diffi- 
culty, or  even  impossibility,  of  analysing  it  in  an  equally  pure 
or  impure  condition,  as  obtained  from  different  animals,  in 
which  it  is  always  mixed  with  cellular  tissue,  minute  vessels 
and  nerves.  Moreover,  it  is  extremely  difficult  to  get  rid  of 
traces  of  fat  and  hematine. 

That  the  chemical  properties  of  muscular  fibre  in  the  whole 
animal  kingdom  are  identical,  one  of  us  endeavoured  to  prove 
in  a  former  research  (Schlossberger,  Vergleichende  Unter- 
suchungen  uher  das  Fleisch  verschiedener  Thieve.  Stuttgardt, 
1840).  In  contradiction  to  a  very  generally-received  opi- 
nion, it  appears  to  us  that  the  muscles  of  fish  are  as  rich  in  ni- 
trogen as  those  of  higher  animals;  at  first  sight,  however,  owing 
to  the  presence  of  a  greater  quantity  of  water,  and  in  some 
fishes,  as  the  eel,  to  a  difficultly  separable  fat,  its  amount  ap- 
pears very  much  lower.  Further,  as  the  proximate  principles 
are  essentially  the  same  in  both  classes  of  animals,  it  seems 
to  us  that  they  should  be  equally  nutritive,  although  this  pro- 
position is  also  directly  opposed  to  another  very  general  pre- 
judice.    According  to  our  scale,  the  oyster  does  not  seem 
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nearly  so  nourishing  as  it  is  generally  reputed  to  be  by  com- 
mon opinion,  although  it  is  possible  that  the  proteine  com- 
pounds in  the  lower  classes  of  animals  may  be  found  to  be 
much  richer  in  phosphorus,  in  sulphur,  and  in  phosphates 
than  in  the  higher.  Should  this  prove  to  be  the  case,  we  can 
see,  that  although  the  proportion  of  nitrogen  may  not  be  so 
great,  nevertheless  that  they  might  act  more  powerfully  as 
stimulants,  which,  as  regards  the  oyster,  is  believed  by  some 
of  our  best  physicians.  We  intend  in  a  future  series  of  expe- 
riments to  direct  our  attention  to  this  part  of  the  subject. 

In  order  that  our  views  on  this  subject  should  not  be  mis- 
understood, it  is  necessary  for  us  to  state,  that  we  do  not  con- 
sider the  proportion  of  nitrogen,  taken  alone,  to  be  an  absolute 
measure  of  the  nutritive  power  of  our  aliments;  but  as  there 
is  a  total  want  of  any  positive  data  in  regard  to  this  subject, 
and  as  so  many  different  and  contradictory  opinions  are  given 
in  the  works  on  dietetics  %  it  must  be  granted  that  any  at- 
tempt to  fix  a  standard  for  comparison  is  not  without  interest. 

With  respect  to  the  capability  for  nutrition,  we  are  far  from 
denying  that  the  physical  condition,  the  state  of  admixture, 
the  peculiar  kind  of  proteine  compound,  the  amount  of  water 
and  other  inorganic  matters,  of  fat,  and  lastly,  the  effects  of 
cookery,  must  necessarily  have  a  ver}'  great  influence  on  the 
physiological  effects  of  our  aliments. 

There  is  one  consideration  in  particular  which  requires  to 
be  noticed,  namely  the  distinction  between  the  absolute  amount 
of  nutritive  matter  and  that  portion  of  it  which  is  in  such  a 
state  as  to  be  easily  digested  and  assimilated  by  the  system, 
in  the  same  way  as  a  soil  produced  from  minerals  aboimding 
in  alkaline  salts  is  not  always  the  most  fertile  as  regards  plants 
with  a  predominance  of  alkaline  bases,  but  the  fertility  of 
which  depends  on  the  amoinit  of  these  bodies  contained  in  a 
state  in  which  they  can  be  taken  up  and  made  use  of  by  the 
plant.  Thus  an  aliment  abounding  in  nutritive  matter  may 
be  inferior  to  one  with  a  much  smaller  (juantity  as  regards  the 
nourishing  effects  produced  by  it;  if  in  the  first  of  these  cases 
only  a  part,  in  the  second  the  wiiole  may  be  easily  absorbed 
and  assimilated.  Here  we  must  rely  upon  the  experiments 
of  the  physiologist  as  to  the  degree  of  digestibility  ol  dillerent 
substances;  and  there  already  exists  an  excellent  basis  in  the 
researches  of  Ikaumont  and  of  Blondlot.  Tiiis  is  one  of  the 
(|uestions,  in  which,  by  the  co-operation  alone  of  the  physio- 
logist ond  chemist,  any  progress  can  be  expected  to  be  made 

•  8cc  all  work*  from  PIcnk'*  liromntolouia  to  the  latest,  as  Puris's  Tren- 
ttnc  on  Diet,  a«  well  us  our  standard  works  on  Materia  Medico,  and  wc 
think  it  will  be  allowed  that  we  have  not  asserted  tuo  much. 
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in  the  elucidation  of  this  point.  If  the  work  were  once  fairly 
begun  by  the  physiologist,  chemistry  would  not  be  long  in 
rendering  that  assistance  which  would  then  be  found  neces- 
sary ;  for  example,  in  the  various  experiments  which  might  be 
made  in  artificial  digestion,  from  the  results  of  which  as  one 
element  in  the  calculation  taken  along  with  the  proportion  of 
nitrogen  as  the  other,  it  would  at  once  be  possible  to  deter- 
mine scientifically  the  real  nutritive  value  of  the  different  kinds 
of  aliment;  the  importance  to  our  dietetics  of  this  method  of 
determination,  which  at  present  exists  only  in  idea,  would 
then  not  only  be  felt  by  the  patient,  but  by  the  whole  human 
race. 

Table  of  the  comparative  proportion  of  nutriment  in  our 
organic  aliments.  If  we  assume  the  amount  of  nitrogen  in 
human  milk,  perfectly  dried  at  212°  F.,  to  be  represented  by 
100,  we  can  then  express  the  degree  of  nutritive  power  of  the 
other  alimentary  substances  by  the  following  numbers 


Vegetable. 

Rice 81 

Potatoes 84 

Turnips 106 

Rye 106 

Maize   .     .     .     .    100  to  125 

Barley 125 

Unfermented    bread   of 

Glasgow      ....  134 

Oats 138 

White  bread  ....  142 

Wheat  .     .     .     .    119  to  144 

Carrots 150 

Brown  bread  ....  166 

Agaricus  cantharellus  .  201 

Peas 239 

Agaricus  russula      .     .  264 

Lentils 276 

Haricot  beans     .     .     .  283 

Agaricus  deliciosus  .     .  289 

Beans 320 


Animal. 

Human  milk  .     . 
Cow's  milk     .     . 
Oyster  .... 
Yolk  of  egg     , 
Cheese .     .     . 


.  .  100 
.  .  237 
.  .  305 
.  .  305 
331  to  447 


Eel,  raw  .  . 
...  boiled 
Liver  of  crabfish 
Mussel,  raw  . 
boiled 
Ox-liver,  raw. 
Pork-ham,  raw 

boiled 
Salmon,  raw  . 
boiled 
Liver  of  pigeon 
Portable  soup 
White  of  egg . 
Crabfish,  boiled 
Skate,  raw 

...     boiled . 
Herring,  raw 

boiled 
milt  of 
Haddock,  raw 

boiled 
Flounder,  raw 

boiled 

Pigeon,  raw    . 

boiled 

Lamb,  raw 

Mutton,  raw   . 

boiled 


434 
428 
471 
528 
660 
570 
539 
807 
776 
610 
742 
764 
845 
859 
859 
956 
910 
808 
924 
920 
816 
898 
954 
756 
827 
833 
773 
852 
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Animal  (continued). 
Veal,  raw 873 

...    boiled    .     .     .     .911 
Beef,  raw 880 

...    boiled    ....     942 
Ox-lung 931 

Purified  muscular  Jihre  Jrom 
various  animals. 

.  908 

.  982 

.  914. 

.  988 

.  988 

.  775 

.  916 


Fibre  of  eel  .  . 
...      salmon  . 

herring . 

haddock 
...      flounder 

pigeon  . 
...      lamb 


Fibre  of  sheep 
...      calf  . 


ox 
sow 


928 
993 
935 
893 


Proximate  principles  of  ani- 
mals, calculated  from  the 
quantity  of  nitrogen  as  de- 
termined hy  Mulder. 

Pure  proteine       .     .     .   1006 


albumen      .     . 

.     996 

fibrine    .     .     . 

.     999 

caserne  .     .     . 

.  1003 

gelatine  .     .     . 

.   1128 

chondrine  .     . 

.     910 

LIV.  On  the  Evaluation  of  the  Sums  of  Neutral  Series.  By 
J.  R.  Young,  Professor  of  Mathematics  in  Belfast  Col- 
lege*. 

THE  attention  of  several  analysts  has  been  called  of  late  to 
the  series  1  —  1  +  1  —  1+  1 ,  and  the  long-prevail- 
ing doctrine  that  the  sum  of  this  series  to  infinity  is  neces- 
sarily — ,  is  beginning  to  be  questioned,  and  the  true  charac- 

ter  of  it  to  be  recognised.  There  is  danger  however  of  mis- 
take arising  in  another  direction,  for  it  has  been  affirmed  that 

this  series  cannot  be  — ,  even  when  regarded  as  the  limit  of 

the  converging  cases  of  the  general  series  1  — .r  +  j'— •r^  +  A*^... 
It  is  my  wish  in  the  present  communication  to  point  out  the 
error  ot  this  statement,  and  to  notice  the  circumstances  which 
appear  to  have  led  to  it. 

And  in  the  first  place  I  would  observe,  that  when  the  series 
in  question  is  intended  to  represent  that  which  the  general 
converging  series  becomes  in  the  extreme  case  of  a;  =  1,  it  is 

considered  as  identical  with  1  —  1  +  1*  —  1^  +  l"* l*',  or 

rather, — indicating  more  explicitly  the  connexion  of  this  ex- 
treme case  with  the  general  scries  of  converging  cases  that  it 
terminates, — it  is  considered  as  identical  with 

V         00/        V        «/  V         « /       '"  \         <»/ 

Agoin,  the  general  expreiision  for  n  termti  of  the  series  1  --a; 

*  Coinniunicatcd  by  the  Author. 
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+  ^2  —  or*  +  &c.  is 

1+^  1  +  ^     ' "-i-J 

the  accuracy  of  which  expression,  under  all  circumstances  as 
to  the  values  of  ,r  and  w,  this  latter  being  a  whole  number,  is 
universally  admitted.  It  is  also  allowed,  when  n  is  infinite, 
that  all  the  convergent  cases  of  the  series,  short  of  the  extreme 

case  X  =  \,  are  comprised  in  the  single  fraction .     Now 

although  I  hold  it  to  be  an  axiom,  that  if  the  expression  suf- 
fice for  all  cases,  short  of  the  extreme  case,  it  must  of  necessity 
suffice  for  that  too,  yet  it  may  be  well  to  show  the  entire  con- 
sistency of  this  truth  with  the  general  expression  [1.]  for  n  = 
infinite. 

In  order  to  this,  let  1  — r-  be  put  for  x ;  then  it  is  plain 

that  we  shall  commit  no  error  if  for  w  +  1  we  write  k .  oo ' ;  so 
that  the  sum  of  the  infinite  series 

-o-i)-o-iy-o-i)^ (-ir 

will  be  correctly  expressed  by 


s  = 


-0-i)     -0-i) 


whatever  be  the  value  oi  k. 

Take  now  the  extreme  case,  k=  oo ,  which  in  fact  is  that  of 
a;=l,  and  we  have 

00    .  00  ' 


s=         ' 


{-(•-)}' 


-04)      -0-^) 

But  it  is  well  known  that  (  1 j     =  — ,  and  that  y  —  j 

=  0,  consequently 

o_  1 0  _  J_ 

^-0-^)"-0-^)^" 

The  extreme  case  of  the  general  series  1—^4-  w^—  x^-¥  &c., 
which  we  have  here  been  considering,  the  case  namely  of 
x=^  1,  has  been  considered  exclusively  in  reference  to  its  con- 
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nexion  with  the  convergent  cases  of  that  series ;  but  the  same 
extreme  case  may  be  regarded  as  limiting  the  divej-gent  cases, 
and  therefore — its  connexion  excUisively  with  these  cases 
being  symbolized — as  identical  with 

>-(-^)-04r-04)^ o^n 

so  that  reasoning  as  before,  and  recollecting  that  ( 1  H ) 

=  f,  and  that  e^'  is  infinite,  we  infer  that  the  limiting  case  of 
the  series  of  divergent  cases  is,  like  every  one  of  the  cases 
which  precedes  it,  infinite. 

But  the  series  1—1  +  1—14-  &c.  is  frequently  met  with  in 
analysis  uncontrolled  by  any  law  binding  it  in  connexion  with 
a  continuous  series  of  either  convergent  or  divergent  cases, 
and  where,  in  consequence,  it  would  be  unwarrantable  to  re- 
place it  by  either  of  the  forms  employed  above,  since  in  these 
the  fact  of  such  connexion  is,  as  an  essential  condition,  im- 
pressed upon  each;  and  it  is  from  overlooking  this  circum- 
stance that  the  series  1  —  1  +  1  —  1  +  &c.  is  so  often  errone- 
ously assumed  to  be  the  representative  of—.    As  an  illustra- 

tion,  suppose  the  summation  of  the  infinite  series 

2  3  4  5       ,  .„ 

A h  &C. 

3.5       5.7^7.9       9.11^ 

were  required  :  the  true  value  would  be  obtained  by  subtract- 
ing the  lower  of  the  following  series  from  the  upper,  and  then 
dividing  the  remainder  by  2 : 

2  3.4.         5    ,   Q 
—  — h  &C. 

3  5^7         9  ^ 

2         3     .    4        Q 

2 
The  remainder  adverted  to  is  evidently  —  minus  the  series 

o 

1  —  1  +  1  —  1  +  1  —  1  +  &c.  /o  injinity      .     .     [2.] 

+ -,  geeing  that  the  lower  series  must  always  project 

one  term  to  tlie  right  beyonil  the  upper.     Now  if  wc  replace 

the  series  [2.]  by  — ,  twice  the  sum  of  the  proposed  series 

2         11 
will  be  ambiguously  — r-  ±  «  ;  which  is  absurd. 

>i  £  Ji 

It  is  plain  that  the  sum  of  the  series  [2.]  is  to  a  certain  cx- 
ttiiil  indeterminate,  being  indiil'erently  1  or  0;   and  on  the 
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choice  of  these  will  obviously  depend  the  sign  with  which 
-,  or,  which  is  the  same  thing,  —  is  to  be  taken : — it 

Z  00  "T   1  ^ 

will  be  minus  for  the  first  mentioned  value  of  [2.],  and  plus 
for  the  other,   so  that   the  sum  of  the  proposed   series  is 

j_  /_2 L^  -  i. 

2    \  3  2/  ~  12* 

The  term  neut7'al  series,  a  term  I  believe  first  adopted  by 
Hutton,  should  I  think  be  in  strictness  confined  to  the  forms 
which  arise,  as  in  this  example,  independently  of  all  connec- 
tion with,  and  therefore  uncontrolled  by,  the  laws  which  govern 
general  algebraic  series. 

It  may  not  be  superfluous  to  remark,  in  passing,  that  the 
series  here  discussed  is  very  intimately  connected  with  the 
doctrine  of  definite  integrals,  a  doctrine  into  which  a  good 
deal  of  error  will  be  found  to  have  crept.  A  very  able  con- 
tributor to  this  Journal,  Mr.  R.  Moon,  Fellow  of  Queen's 
College,  Cambridge,  has,  I  see,  recently  turned  his  atten- 
tion to  this  important  topic  (Phil.  Mag.  vol.  xxvi.  p.  483).  It 
will  be  seen  however,  from  the  present  communication,  that  I 
have  been  constrained  to  differ  from  him,  as  to  the  general 
theor}'  of  the  series  1  —  1  +  1  —  1+  &c.,  regarding  that  series 

as  strictly  and  exclusively  — ,  when  it  is  the  limit  of  the  con- 
verging cases  of  I  —x  +  a;'^~a;^+  &c.  I  will  merely  add  fur- 
ther, that  I  invited  the  attention  of  analysts  to  this  subject,  in 
connexion  with  non- converging  series  generally,  in  a  paper 
read  before  the  British  Association  at  the  York  meeting  in 
1844,  a  short  abstract  of  which  appears  in  the  volume  of 
published  reports:  the  same  paper  was  also  read  at  the 
Royal  Irish  Academy  in  January  1845,  and  is  published  at 
length  in  the  Proceedings. 

It  is  perhaps  scarcely  necessary  to  state,  that  although  in  the 
preceding  reasoning  I  have  considered  1  —  I  +  1  —  1  +  &c., 
when  really  a  limit,  only  in  connexion  with  1  —  a:+  a'^—x^-\- 
&c.,  yet  the  same  reasoning  applies  when  it  is  viewed  in  con- 
nexion with  1  — .r"^  +  x^—x'^  +  &c.,  or  in  general  with  1  —  ^* 
+  a;^  —  x'*'  +  &c.;  and,  when  the  series  is  strictly  neutral  and 
isolated,  that  I  regard  the  assumption,  which  would  connect 
it  with  any  particular  case  of  this  last  general  algebraic  form, 
to  be  no  more  unwarrantable  than  the  assumption  ordinarily 
made  of  its  connexion  with  1  —  x  +  x'^  —  a,-^  +  &c.  It  is  this 
assumption  which  will  be  found  to  vitiate  several  important 
and  generally  received  results  of  analysis,  for  it  is  only  when 
the  assumed  connexion  actually  exists,  that  the  unique  value, 
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usually  attributed  to  the  series,  ought  to  be  admitted,  and  then 
it  may  be  admitted  with  peffect  confidence.  This  I  now  pro- 
ceed to  exemplify. 

[To  be  continued.] 

LV.  On  the  Oil  produced  hy  the  Action  of  Chlorine  on  Cin- 
namic  Acid.     By  John  Stenhouse,  Ph.D.^ 

IN  a  paper  on  the  Action  of  Chlorine  on  Cinnamic  and  Ben- 
zoic Acids,  published  in  the  August  number  of  this  Ma- 
gazine, I  described  the  formation  and  some  of  the  properties 
of  a  remarkable  oily  compound  which  is  invariably  formed 
whenever  cinnamic  acid  is  heated  in  contact  with  either  chlo- 
rine or  hypochlorous  acid.  I  shall  now  proceed  to  detail 
some  additional  observations  which  I  have  been  able  subse- 
quently to  make  upon  the  oil;  but  as  the  mode  of  its  forma- 
tion has  been  pretty  fully  described  in  the  previous  paper,  I 
do  not  think  it  necessary  to  repeat  it  here. 

The  oil  is  heavier  than  water  and  has  a  very  peculiar  aro- 
matic smell,  which  reminds  one  at  once  of  the  oil  of  bitter  al- 
monds and  of  that  of  Spircea  Ulmaria,  though  it  is  not  exactly 
like  either  of  these  bodies.  When  strongly  heated,  it  readily 
catches  fire,  burns  with  a  green-coloured  flame,  and  emits 
fumes  of  muriatic  acid  gas.  When  boiled  with  potash  lye,  it 
is  partially  decomposed  with  the  formation  of  chloride  of  po- 
tassium. When  some  bits  of  sodium  are  put  into  it,  bubbles 
of  a  gas,  apparently  hydrogen,  are  given  off,  the  oil  becoming 
hot  and  inflaming  with  explosion.  Ammonia  does  not  appear 
to  act  upon  it,  either  in  the  liquid  or  gaseous  state.  Sulphu- 
ric acid  does  not  dissolve  it  in  the  cold,  but  w  ith  the  assistance 
of  heat  first  reddens  and  then  chars  it.  A  portion  of  the  oil, 
which  had  been  rendered  anhydrous  by  being  allowed  to  stand 
for  some  days  over  a  mixture  of  (juicklime  and  fused  chloride 
of  calcium,  was  then  very  cautiously  distilled.  The  first  por- 
tion which  came  over  was  colourless  and  neutral,  but  what 
followed  became  more  and  more  acid,  the  last  portions  exceed- 
ingly so,  evolving  fumes  of  muriatic  acid  and  assuming  a  deep 
yellow  colour.  The  first  portion  of  the  oil  which  had  been 
dried  in  this  way  was  subjected  to  analysis.  The  chlorine  con- 
tained in  the  oil  was  determined  by  passing  it  very  slowly  over 
a  large  quuntiiy  of  red-hot  (juicklime  in  a  very  long  tube. 
Unless  great  care  is  taken  to  conduct  this  operation  very 
slowly,  tnc  oil  passes  over  the  hot  lime  without  giving  up  all 
its  chlorine.  When  u  condensing  apparatus  is  attached  to  the 
open  end  of  the  conibustion-tubc  containing  the  lime,  an  agree- 
*  Conununicat«d  by  the  Author. 


Action  of  Chlorine  on  Cinnamic  Acid.  367 

ably  smelling  oily  liquid  collects  in  it.  Its  smell  resembles 
that  of  the  other  benzyle  compounds,  and  it  crystallizes  on 
cooling.     Its  quantity  however  is  extremely  small. 

Per  cent. 

1.  0-5533  oil  distilled  over  quicklime  gave  0-6515  ClAg  =  24-58Cl 

2.  0-259  grm.  gave  0259  CI  Ag  =24-67  CI 

Mean 24-62  CI 

a.  0'3201  grm.  burned  with  chromate  of  lead  gave 
0-1395  HO  and  0*793  COg. 

b.  0*2569  burned  with  chromate  of  lead  gave  0*1145  HO 
and  0*632  carbonic  acid. 

a.  b. 

Carbon.     .     67*56  67*09 

Hydrogen .       4*84  4*95 

Chlorine    .     24*62  24*62 

97*02  96*66 

As  the  oil  was  always  partially  decomposed  when  distilled 
oif  fused  chloride  of  calcium,  another  portion  of  it  was  re- 
peatedly rectified  with  the  vapour  of  water.  The  oil  then 
came  over  quite  colourless  and  neutral.  This  operation  also 
free*d  it  from  a  quantity  of  resinous  matter  which  very  readily 
forms  in  it.  The  purified  oil,  when  freed  from  water  as  well 
as  possible,  was  still  more  completely  dried  by  being  kept  for 
some  weeks  over  sulphuric  acid  in  vacuo.  The  sulphuric  acid 
on  standing  smelt  strongly  of  oil  of  bitter  almonds. 

0-2781  oil  well- washed  with  water  and  dried  under  the  air- 
pump,  gave  0*702  carbonic  acid  and  0*134  HO. 

0*2602  oil  gave  0-2245  CI  Ag  =  24*17  CI  per  cent. 

Carbon   .     .     68*84 

^  Hydrogen    .       5*35 

Chlorine      .     24*17 

A  second  quantity  of  the  oil  was  prepared  in  a  similar  way, 
and  also  dried  in  vacuo  over  sulphuric  acid. 

a.  0*4149  oil  gave  0*3065  CI  Ag=  18-22  CI  per  cent.  \  Mean. 

b.  0*256  oil  gave  0-192  CI  Ag  =  18*50  CI  per  cent./ 18*36 

c.  0-4193  gave  0*202  HO  and  1*0835  carbonic  acid. 

d.  0*357  gave  0*1795  HO  and  0*9242  carbonic  acid. 

c.  d. 

Carbon  .     .     70*47  70*62 

Hydrogen  .       5*35  5*57 

Chlorine     .     18*36  18*36 

When  the  chlorinated  oil  is  treated  with  strong  nitric  acid, 
it  is  readily  attacked  with  copious  evolution  of  deutoxide  of 
nitrogen ;  and  at  the  same  time  a  very  pungent  disagreeable 
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vapour,  which  affects  the  eyes  strongly,  is  given  off.  When  the 
liquid  is  concentrated  and  allowed  to  cool,  the  oil  is  found  to 
be  converted  into  a  crystalline  mass.  The  crystals  were  pu- 
rified by  being  repeatedly  crystallized ;  they  had  a  strong  acid 
reaction  and  were  very  soluble,  both  in  hot  water  and  in  al- 
cohol, out  of  which  liquids  they  crystallized  very  readily. 
When  dried  at  "2,12°  F.  and  subjected  to  analysis,  0*2128  grm. 
substance  gave  0*388  CO2  and  0-061  HO. 
Calculated  numbers. 
Atoms,    per  cent.  Found. 

Carbon     .     14-       50-25  49-72 

Hydrogen        5         299  3*18 

Nitrogen  .       1         8-'i7 
Oxygen    .       8       38-29 
100-00 
The  silver  salt  was  prepared  by  neutralizing  the  acid  with 
ammonia  and  precipitating  the  solution  with  nitrate  of  silver. 
The  salt  formed  a  rather  bulky  precipitate. 

a.  0*2225  of  the  silver  salt  gave  0-0844-  metallic  silver 
=  38-83  per  cent,  oxide;  the  calculated  quantity  is  39*12 per 
cent,  oxide.  • 

b.  0-2985  of  the  silver  salt  gave  0*329  carbonic  acid  and 
0*041  water. 

Found.  Calculated. 

Carbon     .     .     .     30*06  30-60 

Hydrogen     .     .       1*52  1*45 

Oxide  of  silver  .     38*83  39*12 

It  is  evident  from  the  results  of  these  analyses  that  the  acid 
and  the  salt  have  precisely  the  composition  of  nitrobenzoic 
acid  and  its  silver  salt,  with  the  character  of  which  substances 
they  exactly  correspond.  I  am  induced  to  believe,  therefore, 
that  the  oil  is  essentially  a  carburetted  hydrogen  belonging  to 
the  benzoic  acid  series,  in  which  variable  cjuantities  of  the  hy- 
drogen are  replaced  by  chlorine  ;  and  that  the  small  quantity 
of  oxygen  it  contains,  amounting  in  some  instances  to  little 
more  tnan  two  per  cent,,  is  the  result  of  foreign  admixture. 
The  most  probable  source  of  this  impurity  is  a  little  oil  of 
bitter  almonds,  for,  so  far  as  we  know,  oil  of  bitter  almonds  is 
always  generated  whenever  cinnamic  acid  is  treated  with  an 
oxidizing  agent;  at  least  it  is  so  when  cinnamic  acid  is  boiled 
with  peroxide  of  lead,  with  chromic  acid,  or  with  sulphuric 
ncid  and  peroxide  of  manganese,  or  any  other  hyperoxido. 
This  view  of  the  constitution  of  the  chloruuitcd  oil  is  strongly 
confirmed  by  the  effect  of  nitric  acid  upon  it,  which,  as  wt; 
have  seen,  ccmverts  it  into  nitrobenzoic  acid.  Now  nitric  acid, 
as  is  well  known,  also  converlb  oil  of  bitter  uhnondti  into  nilro- 
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benzoic  acid,  so  that  the  result  obtained  is  exactly  what  might 
have  been  expected  from  the  action  of  nitric  acid  on  a  carbu- 
retted  hydrogen  of  the  benzoic  acid  series  containing  a  little 
oil  of  bitter  almonds. 

In  conclusion,  I  may  mention  that  the  production  of  this 
oil,  from  its  striking  and  peculiar  properties,  furnishes  an  ex- 
cellent test  for  detecting  the  presence  of  cinnamic  acid. 

A  quantity  of  the  chlorinated  oil  was  also  treated  for  some 
days,  both  exposed  to  the  light  of  the  sun  and  in  diffused  light, 
with  dry  chlorine,  in  the  hope  that  perhaps  a  crystalline  com- 
pound might  be  produced.  In  this  however  I  was  unsuccess- 
ful; much  muriatic  acid  was  given  off  and  the  liquid  became 
tolerably  viscid,  but  no  crystals  were  formed. 

LVI.  Note  on  the  Existence  of  Phosphoric  Acid  in  the  Deep- 
Well  Water  of  the  Lojidon  Basin.  By  Thomas  Graham, 
Esq.,  F.R.S.* 

THIS  water  is  obtained  on  piercing  the  London  clay,  which 
forms  an  impervious  bed,  generally  exceeding  200  feet 
in  thickness,  and  flows  from  fissures  in  the  subjacent  chalk. 
It  is  always  highly  soft  and  alkaline,  and  remarkable  for  the 
predominance  of  soda  salts  over  earthy  salts  among  its  solid 
constituents.  I  have  never  found  it  to  contain  a  sensible  quan- 
tity of  potash,  although  salts  of  the  vegetable  alkali  appear 
among  the  constituents  of  the  water  of  the  deep  Artesian  well 
of  Grenelle. 

When  evaporated  considerably,  a  small  deposit  takes  place 
in  the  London  deep-well  water,  which  consists  chiefly  of  car- 
bonate and  phosphate  of  lime.  The  remaining  liquid  gives 
with  nitrate  of  silver  a  precipitate  of  chloride  and  carbonate 
of  silver,  which  is  white  without  any  shade  of  yellow;  but  if 
a  portion  of  the  water,  amounting  to  an  ounce  or  two,  be  eva- 
porated to  dryness  in  a  platinum  capsule,  without  removing 
the  precipitate,  and  the  heat  afterwards  continued  so  as  to 
raise  the  temperature  of  the  resulting  dry  saline  matter  to  low 
redness,  then,  on  redissolving  by  distilled  water,  and  adding 
nitrate  of  silver,  a  precipitate  is  obtained,  in  which  the  yellow 
colour  of  the  phosphate  of  silver  is  very  perceptible.  The 
earthy  phosphate  is  decomposed  by  ignition  with  the  alkaline 
belonging  to  the  water,  and  the  soluble  phosphate  of  soda  is 
produced. 

The  following  are  the  results  of  the  analysis  of  the  water 
from  the  deep  well  in  the  Brewery  of  Messrs.  Combe  and 

Communicated  by  the  Chemical  Society;  having  been  read  May  5, 
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Delafiekl,  Long  Acre.     An  imperial  gallon  of  the  water  con- 
tained 56*45  grains  of  solid  matter,  100  parts  of  which  gave — 

Carbonate  of  soda 20*70 

Sulphate  of  soda 42"94< 

Chloride  of  sodium 22-58 

Carbonate  of  lime 10*96 

Carbonate  of  magnesia    ....  1*92 

Phosphate  of  lime O'S^ 

Phosphate  of  iron 0*43 

Silica 0*79 

100*66 

The  growth  of  green  confervas  in  this  water  is  extremely 
rapid,  and  occasions  inconvenience  when  the  water  is  kept  in 
open  tanks.  It  is  a  subject  perhaps  worthy  of  inquiry,  whe- 
ther the  value  of  some  waters  for  irrigation  may  not  depend 
upon  their  containing  phosphoric  acid,  this  constituent  having 
hitherto  been  generally  overlooked  in  waters. 

LVII.  On  a  Cryslallized  Alloy  ofZinc^  Iron^  Lead  and 
Copper,     By  Warren  De  la  Rue,  Esq.^ 

THE  alloy  in  question  was  obtained  from  the  worn-out 
amalgamated  zinc  plates  used  in  the  voltaic  battery  after 
the  mercury  had  been  recovered  by  distillation.  As  the  sul- 
phate of  zinc,  resulting  from  the  solution  of  the  zinc  in  the 
battery,  is  exceedingly  pure,  it  follows  that  the  residue  of  the 
plates  contains,  besides  the  mercury  used  for  amalgamation, 
most  of  the  impurities  contained  originally  in  the  whole  plates, 
and  the  metal  obtained  therefrom  is  consequently  mucli  infe- 
rior in  quality  to  the  original  rolled  zinc. 

Zinc  in  a  At  state  for  rolling  is  obtained  by  running  off  the 
fluid  portion  from  a  mass  of  cast  zinc  which  has  been  allowed 
to  cool  down  to  a  certain  point  after  fusion,  the  metal  left  be- 
hind being  less  pure  than  that  which  flows  oif.  Tiie  manu- 
facturer who  furnishes  me  with  rolled  zinc  and  takes  back  the 
zinc  obtained  from  the  worn-out  plates,  informed  me  that  the 
latter  is  unprofitable  to  re-work  from  its  leaving  an  unusually 
large  residue  in  refining;  this  statement  induced  me  to  inves- 
tigate the  composition  of  this  residue,  and  I  proceeded  in  the 
following  manner. 

About  22  pounds  of  worn-out  plates  being  introduced  into  an 
iron  pot,  and  the  niercurv  distilled  ofl'  by  heating  it  to  redness, 
the  fused  metal  won  fined  by  adding  a  quantity  of  tallow  and 

*  Communicated  by  the  Chemical  Society;  having  been  read  May  5, 
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stirring  well ;  after  the  oxide  had  been  withdrawn  the  metal 
was  removed  to  another  vessel  to  cool ;  it  weighed  about  15  lbs. 
When  partially  solidified  the  fluid  portion  was  drained  off, 
leaving  a  considerable  portion  of  the  metal  in  a  spongy  state, 
and  occupying  the  same  bulk  as  the  whole  mass ;  one  part  of 
zinc  plate  residues  usually  gives  the  following  results: — 

Zinc -673 

Mercury    ....     '043 

Dross  and  loss     .     .     •284- 

1-000 
this  average  being  taken  on  a  quantity  of  old  plates  amounting 
to  2i  hundred  weight. 

The  spongy  residue,  examined  with  the  microscope  under  a 
power  of  twenty  to  fifty  times  linear,  proved  to  be  composed 
of  minute,  perfectly  clean  and  well-formed  crystals  of  the  form 
of  right  rhombic  prisms;  their  breadth  varying  from  the 
g^^gth  to  3^^o th  of  an  inch ;  the  angles  of  the  base  are  of  about 
119°  and  61    respectively. 

A  selected  portion,  free  from  scoria,  weighing  5  grammes, 
was  subjected  to  analysis,  and  found  to  be  an  alloy  of  zinc, 
iron,  lead  and  copper.  After  solution  in  nitric  acid  the  lead 
was  separated  as  sulphate,  which  weighed  •441  grm. 

The  copper  being  precipitated  by  sulphuretted  hydrogen 
and  then  converted  into  oxide  weighed  '09  gramme.  The 
iron  being  thrown  down  as  succinate  from  the  neutralized  solu- 
tion, and  after  the  removal  of  the  soluble  salts,  washed  with 
ammonia,  and  ignited,  there  resulted  '1847  gramme  of  per- 
oxide of  iron. 

The  zinc,  precipitated  by  carbonate  of  soda,  gave  when 
ignited  5*6213  grammes  of  oxide  of  zinc. 

These  results  give  the  following  composition  of  the  alloy : — 

Grammes.  Per  cent. 

Zinc 4-500  =  90- 

Iron -128  =  2-56 

Lead -300  =         6- 

Copper -072  =  1-44 

5-000  100-00 

These  quantities  agree  very  exactly  with  the  following  for- 
mula : — 

Per  cent.  Per  cent. 

Calculated.  Found. 

240  Zn  =  89'99  90- 

8  Fe  =     2-52  2-56 

5  Pb  =     6-02  6- 

4  Cu  =     1'47  1*44 
2B2 
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It  is  possible  that  these  substances  may  be  combined  into 
proximate  constituents,  and  the  alloy  be  a  compound  of  these, 
but  we  have  no  data  for  so  grouping  them.  On  re-melting, 
however,  a  portion  of  these  crystals,  the  mass  separated  into 
two  portions, — a  metal  considerably  more  fluid,  and  a  com- 
pound more  infusible  than  the  crystals;  these  I  have  not 
examined. 

From  the  preceding  analysis,  it  will  be  seen  that  a  portion 
of  alloy  amounting  to  but  10  per  cent,  is  capable  of  retaining 
in  combination  90  per  cent,  of  zinc  :  this  will  account  for  the 
large  portion  of  difficultly  fusible  metal  in  a  pasty  state  which 
frequently  rises  to  the  top  of  the  melting-pot  in  fusing  com- 
mercial zinc,  and  which  is  probably  an  alloy  of  zinc  combined 
with  but  a  small  portion  of  other  metals. 

LVIII.  Some  Experiments  on  Ozone. 
By  \.  W.  Williamson,  Esq."^ 

IT  has  been  satisfactorily  proved  by  Marignacf,  that  the 
phaenomena  attributed  to  ozone  have  no  connexion  with 
the  presence  of  nitrogen.  He  finds  that  the  ozone  odour  may 
be  developed  in  liquids  free  from  nitrogen  as  well  as  in  those 
which  contain  that  element.  He  decomposed  by  the  voltaic 
current  a  portion  of  water  from  which  atmospheric  air  was 
carefully  excluded,  and  found  that  the  peculiar  smell  of  ozone 
was  given  off,  as  abundantly  after  a  continuance  of  the  action 
for  several  days,  when  a  quarter  of  the  liquid  had  disappeared 
in  the  form  of  gas,  as  at  the  beginning  of  the  decomposition. 
Marignac  confirms  Schcinbein's  statement,  that  the  odorous 
matter  in  air  acted  upon  by  phosphorus,  is  identical  with  that 
present  in  the  oxygen  set  free  by  the  electrolytical  decompo- 
sition of  water;  and  indeed  recommends,  as  the  most  con- 
venient way  of  preparing  ozone,  to  pass  atmospheric  air  over 
phosphorus.  The  substance  made  use  of  in  his  researches 
was  thus  prepared. 

The  object  of  the  experiments  I  am  about  to  describe  was 
to  obtain  some  explanation  of  the  phenomena  which  gave 
rise  to  the  supposition  of  the  existence  of  such  a  body  as  ozone. 
The  poles  of  a  Bunscn's  battery,  consisting  of  four  elements, 
were  plunged  into  sulphuric  acid  diluted  with  three  volumes 
of  water.  The  hydrogen  from  the  copper  plate  at  which  it 
was  evolved  was  allowed  to  escape  into  the  atmosphere.  The 
oxygen  which  was  evolved  upon  a  plate  of  platinum  was  col- 

*  Conimunicntod  by  the  Chemical  Society ;  having  been  read  Muy  17> 
t  Complti  Jtendut  ^  Fjicadhnie,  Mori  1846.  , 
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lected  in  a  small  tubulated  glass  bell  placed  over  it,  and  two- 
thirds  sunk  in  the  liquid.  Hence  it  was  conveyed  into  a  tube 
filled  with  chloride  of  calcium,  through  which  it  passed  with- 
out any  diminution  of  its  peculiar  smell.  The  oxygen  thus 
dried  was  conducted  into  a  glass  tube  filled  with  copper  turn- 
ings and  heated  to  redness.  At  the  further  end  of  this  tube, 
which  was  kept  cool,  globules  of  water  soon  made  their  ap- 
pearance, which  on  being  removed  were  speedily  reproduced, 
and  continued  increasing  so  long  as  the  process  lasted.  The 
oxygen,  on  entering  the  tube  full  of  copper,  being  quite  dry, 
it  thus  appears  that  water  is  formed  by  the  reducing  action  of 
the  heated  metal. 

In  the  manner  of  performing  this  experiment,  there  are  two 
circumstances  which  take  from  the  result  the  certainty  of  cor- 
rectness necessary  for  drawing  conclusions.  These  circum- 
stances are  the  following: — 

1st.  The  copper  turnings  having,  by  heating  to  redness  in 
the  air,  been  covered  with  a  coating  of  oxide,  were  reduced 
by  means  of  a  current  of  hydrogen  gas,  and  although  the  ex- 
cess of  that  gas  had  been  removed  as  far  as  possible  by  a  cur- 
rent of  dry  atmospheric  air,  yet  it  was  possible  that  some 
hydrogen  might  adhere  to  the  porous  copper,  which  would 
account  for  the  formation  of  water  on  oxygen  being  brought 
to  the  hydrogen  at  a  red  heat. 

2nd.  Hydrogen  being  somewhat  soluble  in  water,  the  oxy- 
gen may  in  passing  through  the  liquid  have  taken  up  some 
traces  of  that  element,  and  on  coming  in  contact  with  the 
heated  metal  the  two  gases  would  combine. 

To  obviate  the  first  of  these  objections,  the  oxidated  copper 
was  reduced  by  a  current  of  dry  carbonic  oxide  gas,  and  to  re- 
move the  possibility  of  free  hydrogen  being  carried  over  with 
the  oxygen,  the  latter  was  passed  through  a  tube  filled  with 
spongy  platinum,  and  then  again  over  chloride  of  calcium.  It 
was,  however,  found  that  the  substance  producing  the  peculiar 
odour  was  either  decomposed  or  absorbed  by  the  platinum, 
none  of  it  passing  over. 

The  difficulty  was  at  length  avoided  by  evolving  the  oxygen 
from  a  liquid  in  the  decomposition  of  which  no  hydrogen  is 
set  free.  Oxide  of  copper  dissolved  in  sulphuric  acid  was 
decomposed  instead  of  water.  The  oxygen  then  evolved  pos- 
sessed precisely  the  same  odour  as  that  from  acidulated  water, 
and  after  careful  drying  was  conducted  into  the  heated  tube 
containing  copper  turnings  reduced  by  carbonic  oxide. 

Water  speedily  appeared  at  the  cool  end  of  the  tube,  and 
the  quantity  continued  increasing  as  long  as  the  process  lasted. 

In  subsequent  experiments,  oxygen  prepared  in  the  manner 
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just  described  was  dried  and  passed  through  a  small  glass  tube 
heated  to  redness  by  a  spirit-lamp ;  on  coming  out  of  which 
it  had  completely  lost  all  odour.  At  the  end  of  this  tube  a 
chloride  of  calcium  tube  was  then  fixed,  which  had  been  accu- 
rately weighed. 

After  the  oxygen  was  conducted  for  a  short  time  through 
the  heated  tube,  the  chloride  of  calcium  tube  was  found  to 
have  increased  perceptibly  in  weight. 

Water  through  which  oxygen  charged  with  ozone  was  al- 
lowed to  pass  assumed  the  odour  of  it.  When  this  solution  of 
ozone  was  added  to  a  solution  of  iodide  of  potassium  and 
starch,  a  pale  blue  colour  was  produced;  ferro-cyanide  of 
potassium  containing  ozone  gave  a  blue  precipitate  with  a 
proto-salt  of  iron.  Lime  water  formed  with  the  solution  of 
ozone  a  heavy  and  apparently  crystalline  precipitate.  Baryta 
water  behaved  in  a  similar  manner.  The  liquid  after  the  pre- 
cipitation gave  no  reaction  with  iodide  of  potassium  and  starch ; 
but  on  an  acid  being  added,  a  blue  colour  immediately  ap- 
peared.    The  odour  did  not  reappear. 

Oxygen  charged  with  ozone  was  next  passed  through  a  tube 
surrounded  by  a  frigoric  mixture  consisting  of  chloride  of  cal- 
cium and  snow;  but  nothing  perceptible  was  deposited. 

The  following  experiments  were  made  for  the  purpose  of 
ascertaining  whether,  as  has  been  assumed,  the  substance 
causing  the  ozone  odour  is  also  produced  by  the  action  of 
phosphorus  on  atmospheric  air. 

Through  a  glass  tube  filled  with  pieces  of  phosphorus  a 
current  of  moist  atmospheric  air  was  driven  by  means  of  a 
gasometer ;  it  assumed  the  peculiar  odour  so  well  known  to 
accompany  phospliorus.  Water,  through  which  this  air  was 
then  allowed  to  pass  for  a  considerable  time,  remained  inodo- 
rous, gave  not  the  slightest  reaction  with  iodide  of  potassium 
and  starch,  left  ferro-cyanide  of  potassium  unchanged,  and 
gave  all  the  reactions  of  a  dilute  solution  of  phosphoric  acid. 

On  repeating  this  experiment  it  was  performed  in  a  some- 
what different  manner.  The  air  which  had  passed  over  phos- 
phorus was  allowed  to  pass  directly  into  the  iodide  and 
starch,  ond  a  deep  blue  reaction  soon  ensued  in  that  part  of 
the  liquid  on  which  the  bubbles  in  passing  through  first  acted  ; 
and  was  increased,  in  u  greater  proportion  to  the  air  passing 
through,  when  a  rapid  current  of  air  wos  driven  over  the 
phospliorus  instead  of  a  slow  one.  On  again,  as  in  the 
former  instance,  passing  tlie  air  through  woter  and  then  treat- 
ing the  latter  with  iodiue  of  potassium  and  starch,  no  reaction 
wu  obtiiined.  We  have  here  an  evident  diU'erencc  between 
the  reactions  of  th«  substance  contained  in  the  electrolytic 
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oxygen  and  that  produced  by  the  action  of  phosphorus  on 
atmospheric  air.  To  what  then  is  to  be  attributed  the  reaction 
produced  by  the  direct  action  of  air  passed  over  phosphorus 
on  iodide  of  potassium  and  starch  ?  The  following  experi- 
ment was  made.  In  a  long  and  wide  tube  loose  pieces  of 
asbestos  and  pieces  of  phosphorus  were  placed  alternately. 
By  heating  the  tube  thus  filled  the  phosphorus  was  partly 
melted  into  the  asbestos,  and  partly  sublimed  upon  it ;  thus 
exposing  a  far  greater  surface  than  in  the  former  experiments. 

After  the  tube  had  completely  cooled,  atmospheric  air  was 
driven  through  it  into  the  iodide  and  starch,  but  not  the 
slightest  reaction  was  produced. 

This  result  plainly  indicates  the  cause  of  the  reaction  in  the 
preceding  instance.  The  phosphorus  was  there  unable  for 
want  of  sufficient  surface  to  absorb  all  the  oxygen  of  the  air 
passing  over  it.  A  mixture  of  phosphoric  acid  and  oxygen 
therefore  went  over,  and  by  their  simultaneous  action  on  the 
iodide  of  potassium  set  iodine  free.  As  soon  as  a  sufficient 
surface  was  given  to  the  phosphorus  all  oxygen  was  absorbed, 
phosphoric  acid  was  alone  carried  over  by  the  nitrogen,  and 
the  iodide  was  decomposed  in  a  different  manner. 

Lime  water,  through  which  the  air  thus  treated  with  phos- 
phorus was  passed,  deposited  a  voluminous  sediment,  consist- 
ing of  phosphate  of  lime.  This  liquid  cleared  by  a  few  drops 
of  acid  remained  afterwards  unclouded  on  being  heated  with 
chloride  of  mercury  :  it  consequently  contained  no  phospho- 
rous acid.  With  iodide  and  starch  it  gave  no  reaction,  either 
alone,  or  after  an  acid  was  added  to  it. 

These  experiments  appear  to  me  to  show, — 

I.  That  the  peculiar  properties  belonging  to  the  oxygen 
set  free  by  the  agency  of  the  electric  current  are  produced  by 
the  admixture  of  a  peroxide  or  acid  of  hydrogen ; 

II.  That  by  the  action  of  phosphorus  on  atmospheric  air 
the  same  substance  is  not  produced. 

That  this  compound  of  hydrogen  and  oxygen  is  not  identical 
with  Thenard's  peroxide,  would  appear  from  the  fact  of  its 
being  volatile  and  odorous,  properties  which  the  other  does 
not  possess.  I  have  repeatedly  prepared  Thenard's  peroxide 
of  hydrogen  by  decomposing  peroxide  of  barium  with  different 
acids,  for  the  purpose  of  satisfyuig  myself  whether  it  ever 
possesses  odour,  but  have  always  obtained  a  negative  result. 
The  oxygen  disengaged  from  it  by  the  action  of  peroxide  of 
manganese  is  as  inodorous  as  the  liquid  itself.  The  oxygen 
obtained  by  the  electrolytical  decomposition  of  an  aqueous 
solution  of  peroxide  of  hydrogen  possesses  the  same  odour, 
only  apparently  in  a  somewhat  greater  degree,  as  that  from 
water. 
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The  bleaching  action  which  the  substance  contained  in  elec- 
trolytical  oxygen  produces  when  dry  on  litmus  paper,  is  a  fact 
which  of  itself  indicates  that  it  must  be  a  peroxide.  It  is  well 
known  that  chlorine  does  not  possess  that  property,  but  only 
such  combinations  of  oxygen  as  give  up  this  element  with 
great  ease,  as  for  instance  hypochlorous  acid. 

I  cannot  conclude  this  notice  without  expressing  the  obliga- 
tion I  am  under  to  Professors  Liebig  and  Buff  for  their  kind 
direction  and  assistance  during  these  experiments. 

LIX.  Some  Researches  upon  the  Connexio7h  between  the  Ro- 
tation of  the  Earth  and  the  Geological  Changes  of  its  Surface. 
By  Henry  Hennessy,  Esq.* 
¥  T  is  now  generally  acknowledged  that  the  agency  of  modern 
■*■  causes  in  producing  geological  changes  on  the  surface  of 
the  earth  is  of  no  inconsiderable  importance.  Although  the 
amount  of  matter  which  in  the  course  of  centuries  may  change 
its  position  on  the  surface  of  the  earth,  by  the  action  of  ele- 
vating and  degrading  forces,  is  thus  locally  important  to  the 
earth's  surface,  it  must  appear  insignificant  when  compared 
with  the  mass  of  the  entire  globe.  From  this  circumstance, 
it  may  at  first  appear  futile  to  examine  how  the  rotation  of 
the  earth  could  be  affected  by  the  mechanical  action  of  the 
changes  in  position  of  such  comparatively  minute  portions  of 
its  mass.  It  may  be  said  that  observation  has  not  yet  disclosed 
any  irregularity  in  the  period  of  the  earth's  rotation,  but  this 
could  occur  when  the  causes  producing  such  an  irregularity 
would  be  counteracted  by  others  having  a  contrary  tendency. 
It  is  here  proposed  to  examine  how  certain  changes  of  po- 
sition, with  respect  to  the  earth's  centre  of  masses  on  its  sur- 
face, would  aflect  its  rotation.  Let  w  represent  the  earth's 
angular  velocity  of  rotation,  M  its  mass,  v  the  sum  of  the  ve- 
locities impressed  on  it,  by  which  both  its  rotation  on  its  axis 
and  its  translation  through  space  are  produced,  //  a  perpen- 
dicular from  its  centre  to  a  plane  passing  through  the  centre 
of  the  impressed  forces,  and  I  the  moment  of  inertia  of  the 
whole  mass.     Then 

Uvh  ,    , 

«  =  — [- (1-) 

From  this  well-known  formula,  it  is  evident  that  any  change 
in  the  value  of  I  must  produce  a  corresponding  change  in  the 
value  oi'  M.  If  fl  represent  the  arc  through  which  a  point  on 
the  Nurliice  of  the  earth  is  carried  during  a  ccrlain  time  /,  and 
if  /'  represent  t  when  w  becomes  m'  by  u  ciiunge  of  1  into  I', 
,iheii 

*  Comnmnicotcd  by  the  Author. 
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I 


Hence 


CO  =  —  '  m'  =  -j-i  w'  =  CO  p  . 


I' 

^  =  4 (2.) 


I 

It  is  thus  apparent  that  when  the  moment  of  inertia  of  the 
earth  changes  by  a  known  quantity,  the  change  in  sidereal 
time  can  be  calculated. 

This  fact  furnishes  a  method  for  ascertaining  whether, 
during  certain  defined  intervals  of  time,  an  equilibrium  has 
been  maintained  between  the  forces  which  tend  to  elevate  or 
to  depress  the  external  crust  of  the  earth.  If  any  unknown 
residtial  phceiiomena  exist  on  either  side,  their  existence  will 
be  made  known  by  finding  the  difference  between  the  total 
mechanical  actions  exerted  by  the  known  elevatory  and  de- 
grading forces. 

The  earth  may  be  considered  as  a  spheroid  surrounded  by 
a  thin  shell,  whose  external  surface  is  covered  with  protube- 
rances and  depressions.  A  change  in  the  moment  of  inertia 
of  this  shell  produces  a  change  in  the  moment  of  inertia  of 
the  whole  earth,  which  is  compounded  of  that  moment,  and 
of  the  moment  of  inertia  of  the  internal  spheroid.  In  finding 
both  of  those  moments  of  inertia,  the  following  general  method 
is  employed. 

It  is  well  known  that  if  a  solid  of  revolution  be  supposed  to 
consist  of  an  infinite  number  of  plates  perpendicular  to  the 
axis,  and  each  plate  of  an  infinite  number  of  concentric  rings, 
the  moment  of  inertia  of  any  zone  will  in  general  be  ex- 
pressed by 

/      /      2  7r  pr^drdx;     .     .     .     .     (a.) 
'^  I'  ^  0 

TT  being  the  ratio  of  the  diameter  of  a  circle  to  its  circumfe- 
rence, r  the  radius  of  one  of  the  rings,  p  its  density,  x  the 
abscissa,  and  y  the  ordinate  of  the  generating  curve.  The 
distance  of  the  extremities  of  the  zone  from  the  origin  of  the 
co-ordinates,  are  expressed  respectively  by  /  and  /'.  When 
the  body  is  heterogeneous,  it  will  be  found  more  convenient 
to  transform  the  rectangular  into  polar  co-ordinates.  Let  R 
represent  the  radius  vector  of  a  point  in  the  ring,  9  the  angle 
comprised  between  the  plane  of  R,  ?/  and  the  plane  of  x,  y, 
and  ^  the  angle  comprised  between  R  and  the  plane  of  y,  z. 
As  R  is  the  same  for  all  points  in  the  ring,  the  plane  of  R,  y 
and  the  plane  of  w^  y  coincide,  and  5  =  0.  If  the  origin  of 
the  co-ordinates  be  at  the  extremity  of  the  axis  of  ^,  and  if  the 
distance  from  the  point  where  the  radius  vector  of  the  ring 
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touches  the  axis  be  called  A',  then  a?  =  A'  (1  —  sin  ^), 
R  =  s/r^  +  a^sii^s  ijr^  Thus,  if  p  be  given  as  a  function  of  a 
or  R,  it  can  be  expressed  as  a  function  of  r  and  ^,  or  ^  (r,  ^). 
y,  a  function  of  x^  can  also  be  expressed  as  a  function  of  St^  or 
F  C^),  and  ia)  then  becomes 

-J^   ^  J^      2  TT  A'  <^  (r,  '*•)  r^  cos  ^  r/ r  (/^.     .     (3.) 

In  the  case  of  a  spheroid,  where  A'  is  the  semi-polar  axis, 
and  the  plane  of  y,  z  coincides  with  the  plane  of  the  equator, 
■^  is  evidently  the  latitude  of  the  ring,  and  y  =  a{\  -\-  e)  cos  ^, 
e  representing  the  ellipticity  of  the  generating  curve.  If  the 
earth  be  supposed  to  consist  of  an  infinite  number  of  sphe- 
roidal shells,  it  has  been  shown  that  the  density  of  any  shell 
which  will  agree  best  with  the  known  ellipticity  of  the  earth 
and  its  mean  density,  is  represented  by  the  formula* 

A  sin  <7  a 
^  a 

where  p  represents  the  density  of  the  shell,  a  its  semi-polar 
axis,  and  A  and  q  constants.  The  value  assigned  to  q  is  ex- 
pressed by  (7  =  —  J    -p  representing  the  semi-polar  axis  of 

the  entire  spheroid.  If  \  represent  the  moment  of  inertia  of 
the  internal  spheroid,  then 

....      (4.) 


a  = 


(l  +  e)cos^'      •     *     *     • 
and 

h  representing  the  semi-equatorial  axis  of  the  entire  spheroid. 
Butt 


Sm 


\       lanaa/ 


2-(/V 


qa 


tan^a 


tau'yfl. 


1 9-2+— i^ 

q^ar     q  a  tang  a 

tan  qa 


To  completely  eliminate  c  and  a  between  ihis  ecjualion  and 
(1>.),  is  a  step  wiiich  nuiHt  beat  present  considered  impossible. 

An  approximatti  solution  could  be  obtained,  but  the  result- 
ing expression  would  be  so  long  and  complicated  as  to  be 
entirely  useless.  It  is  evident,  however,  that  when  c  is  snudl, 
its  etiuality  in  every  shell  can  be  assumed  without  nuiterial 
error.  Let  e  therefore  be  e(|ual  to  the  eliiplicity  of  the  exter- 
nal shell,  so  that 

*  Airy  on  the  Figure  of  the  Karth.  f  Ibid. 
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rp 
*  cos  ^  ' 


r  p 


then 

I'=-X,X         '■*'A6;-sin(g3|^)cos«vi'*^;     (6.) 

.-2.A{|.si„|.-2-(|,^-2)cos|.}5^y^%^cos-P^. 

When  "^j  =  —  >  and  ^^  =  ~  o  '  ^^  when  the  above  is  inte- 
grated  throughout  the  whole  mass  of  the  spheroid,  it  becomes 

-      6912A//25  2     o\       5        .     5     .  5    \,4  -^  . 

^^=1875^1136'^  -'>°V  +  2-r^'"6V^'^--     •     (^-^ 

When  fl  becomes  p  and  p  becomes  p',  the  density  at  the 
surface  of  the  spheroid 


A   .    5  A  = 


P'P 


f)'  =  —  sin  -  TT,  .5 

■^        »        6  sm  — TT 

■^  6 

Substituting  this  value  of  A  in  (7.)}  and  remembering  that 

Q 

Ml  =-^p'b^p,  Mj  being  the  mass  of  the  spheroid,  we  shall  obtain 

o 
r        864.   //25  o     A       5  2         5    ~\  ,,,,  ,„  , 


If  the  spheroid  were  homogeneous,  we  should  have,  after 
making  the  necessary  substitutions  in  (3.)  or  (6.),  and  inte- 
grating throughout  the  whole  mass  of  the  body, 

2  /  2xppT^cos^drd^=-^7rpab''=jM^b%{9.) 

^    f  loo 

"2  ^    0 

a  result  easily  obtained  by  the  ordinary  methods. 

In  finding  the  moment  of  inertia  of  the  external  shell  so  as 
to  be  able  to  appreciate  the  changes  which  it  may  undergo, 
it  should  be  remembered  that  as  geological  changes  have  not 
the  same  magnitude  or  importance  at  every  latitude,  a  change 
in  the  moment  of  inertia  of  the  whole  shell  can  be  found  only 
by  considering  the  changes  of  the  moments  of  inertia  of  its 
different  parts. 

Let  the  shell  be  supposed  therefore  to  consist  of  a  series  of 
zones,  on  each  of  which  geological  changes  occur  in  a  com- 
paratively uniform  manner,  whatever  may  be  the  nature  or 
extent  of  the  changes  on  any  of  the  others.  Let  ^j,  ^^,  ^3,  &c. 
represent  the  moments  of  inertia  of  the  zones  in  the  northern 


380  Mr.  Hennessy  on  the  Connexion  between  the  Rotation  of 

hemisphere,  and  ?j,  ^,  ^,  &c.  the  moments  of  inertia  of  the 
zones  of  the  southern  hemisphere,  ^j  and  ^j  being  those  of 
the  zones  in  the  immediate  vicinity  of  the  equator.  Then  J 
the  moment  of  inertia  of  the  entire  shell  will  be  obtained  by 
the  equation 

J  =  ?l  +  ?2  +  ^3  +  &C.+ri+?2+?3  +  &C.-l2;        .       (10.) 

the  external  shell  being  so  thin  that  the  variation  in  its  den- 
sity may  be  neglected,  and  its  moment  of  inertia  found  as  if 
it  were  homogeneous.  Let  the  zone  ^j  be  included  between 
the  latitude  ipi  and  the  equator,  the  zone  ^^  between  \l/j  and 
^/gj  and  so  on  to  the  zone  ^„,  included  between  \I/„_i  and  4/„, 

or  —  •     Similarly,  let  ^„  ^3  a"d  5„,  be  included  respectively 

between  the  equator  and  flj,  Q  and  Q^^  fi„,_i  and  9,„. 

The  values  of  the  moments  of  inertia  of  the  zones  will  be 
then  found  by  the  equations  which  follow,  where  Aj,  Bj,  Ag, 
Bg,  &c.  represent  the  semi-polar  and  semi-equatorial  axes  of 
the  imaginary  spheroidal  shells  which  correspond  to  each 
zone  of  the  northern  hemisphere ;  and  A'l,  B',,  A'j,  B'g  have 
a  similar  meaning  with  respect  to  the  zones  of  the  southern 
hemisphere. 

^i  =  f^'  JpAjB^cos^^^ 

* 

The  values  of  A„  B,,  &c. ;  A'„  B'„  &c.,  must  be  found  for 
each  zone  by  the  following  method. 

Let  T  represent  the  thickness  in  feet  or  miles  of  a  zone  of 
the  external  shell,  <H>  the  niean  latitude  of  the  zone,  «  the  polar 
semi-axis  of  the  earth,  (3  its  e()uatoriiil  senii-axis,  1)  the  depth 
of  the  lower  surface  of  the  shell  below  the  surface  of  the  sea, 
R^  the  radiu8  of  the  earth  at  C"*),  and  U  the  radius  of  the  in- 
ternal spheroid  at  the  same  latitude.     Then 

R  =  11^  -  (D  -  T),         U^  =  v/  (a«  sin«  0  +  ^»  cos^  0). 

Let  y  correspond  to  «,  ij  to  /3,  as  J)  —  T,  or  G  does  to  Ri 

Tk-«       a  «(R^±G)  ..  -(R^±G) 

Then    a±Y  =  -^^ —  *        ^  ±  »}  =  /3  ' — ^^ —  ; 


!>(11.)      •^^i    ^^ 

f„=/^^^pA'„B'Vos'^V^P 


H12 
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A  _  «  ( v"  («^  sin^  ®  +  fi^  cos^  @)  ±  G) 

__  /3  ( ^  (g^  sin^  Q  +  /3^  cos^  0)  ±  G)  . 
^  -/  («2  sin2  0  +  /32  cos2  0)         ' 

A  and  B  representing  the  general  values  of  the  polar  and 
equatorial  semi-axes  of  the  shell  corresponding  to  the  zone  of 
the  shell  whose  thickness  is  T. 

When  investigating  the  moment  of  inertia  of  the  shell  for 
any  zone,  it  will  be  found  most  convenient  to  consider  the 
centres  of  gravity  of  the  parts  of  the  shell,  or  the  surface  pass- 
ing through  the  centres  of  gravity  of  all  its  parts,  as  equi- 
distant from  its  interior  surface. 

No  matter  how  irregular  any  zone  of  the  shell  may  be,  its 
thickness  can  be  considered  without  much  chance  of  error,  as 
the  distance  between  two  imaginary  surfaces  each  of  which 
is  equidistant  from  the  surface  passing  through  the  centres  of 
gravity  of  all  the  parts  of  the  shell.  Let  the  internal  surface 
of  the  shell  be  at  the  mean  depth  of  the  sea,  the  position  of  its 
external  surface  being  determined  by  the  distances  of  the  cen- 
tres of  gravity  of  its  parts.  Let  the  entire  shell  be  supposed 
to  consist  of  an  infinite  number  of  pyramidal  frusta,  which  if 
prolonged  would  form  pyramids  meeting  at  the  earth's  centre. 
The  height  and  dimensions  of  the  base  of  each  frustum  being 
infinitely  small  compared  to  the  height  of  its  entire  pyramid, 
we  can  without  sensible  error  consider  it  as  a  parallelopiped. 
Let  H  represent  the  mean  height  of  the  land  above  the  level 
of  the  sea,  and  D  the  mean  depth  of  the  ocean.  The  height 
of  a  parallelopiped  whose  external  surface  is  on  dry  land  is 
then  H  +  D,  and  the  distance  of  its  centre  of  gravity  from 

each  of  the  "surfaces  of  the  shell  -  (H  +  D).     Similarly,-  D 

represents  the  distance  of  the  centre  of  gravity  of  a  parallelo- 
piped whose  upper  surface  forms  a  part  of  the  surface  of  the 
ocean,  from  the  interior  surface  of  the  shell.  Let  As  repre- 
sent an  indefinitely  small  portion  of  the  surface  of  the  land. 
As'  a  similar  portion  of  the  surface  of  the  sea,  Sj  the  density  of 
the  land,  and  d^  the  density  of  the  ocean.  The  equation  for 
the  value  of  Cj,  the  thickness  of  the  shell,  will  be — 

p_ HS(H;fD)Asji Djd^XAs'  +  d.l.As) 

'~  {iH  +  D)d\XAs+\'DtAs'}  +      2(2As  +  2As) 
_         H5(D  +  H)S^  D{\^  +  d,s) 

-{8,(H  +  D)s  +  82Ds'}"^      2{s'  +  s)     '    '     '     '     l^*'-' 
In  an  examination  of  the  equilibrium  of  the  degrading  and 

elevatory  forces  on  the  surface  of  the  earth,  it  is  indifferent 
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whether  we  examine  the  action  of  one  or  both  as  affecting  the 
earth's  rotation,  we  can  therefore  examine  the  change  in  C^ 
either  when  it  is  diminished  or  increased  :  it  will  be  found 
most  convenient  to  examine  its  change  in  the  former  case. 
Of  the  two  principal  causes  which  operate  in  diminishu)g  Cj 
or  degrading  the  level  of  the  land,  a  knowledge  of  the  inten- 
sity of  one  will  suffice  for  our  purposes.  We  shall  therefore 
proceed  to  find  an  equation  expressing  merely  the  diminution 
of  Cj  from  the  transportation  of  solid  matter  from  the  high 
levels  of  the  parallelopipeds  to  their  lower  levels.  This  course 
is  adopted  from  the  conviction,  that  however  little  is  our  pre- 
sent knowledge  of  the  degradation  of  land,  an  accurate  esti- 
mate of  its  annual  amount  can  be  obtained  with  more  certainty 
than  a  knowledge  of  the  subsidences  of  portions  of  the  earth's 
crust  produced  by  causes  comparatively  hidden. 

Let  /<!,  ^2>  ^3»  &c.  be  the  heights  of  any  places  above  the 
level  of  the  internal  surface  of  the  shell,  from  which  are  trans- 
ported in  the  same  time  the  masses  pj,j92,j0g,  &c.,  then  by  the 
theory  of  moments,  the  result  will  be  in  effect  the  same  as  if 
the  entire  mass  p^-\- p^  +  Pq-\-  ....,  ov  V  were  carried  from 
the  distance 

U  _^iA  ■\-KPi  +  hPz  +  "" (15) 

Similarly,  if  /„  4,  /'g,  &c.  represent  the  heights  of  any  places 
above  the  same  level  to  which  any  masses  </,,  q.^^  q-^^  &c.  are 
transported,  the  resulting  mechanical  action  will  be  in  effect 

the  same  as  if  the  whole  mass  y,  +  <72  +  y.)  + ^**  ^  were 

removed  to  the  distance  from  the  internal  surface  of  the  shell 
expressed  by  the  formula 


Uo 


_h9i  +  h9i  +  h93  +  "" (jg) 


Q 


After  the  removal  of  P  from  U,  to  Uj,  let  Cj  become  Cj,  then 
Cg  will  evidently  be  expressed  by  the  formula 


5«  =  C,-t(U,-U,); 


(17.) 

where  fi  =  8,  ( H  +  D)  5  +  8,^  D  «'»  the  mass  of  the  zone  of  the 
shell.  By  means  of  the  equation  (14<.),  we  can  calculate  the 
thickness  of  the  shell  when  I*  is  at  U, ;  and  its  thickness  when 
P  is  at  Uj,  can  be  obtained  by  (17.)'  We  can  then  find  G, 
which  being  used  in  the  equations  (I'i.),  will  serve  to  jioint 
out  any  particular  values  of  A  and  B.  The  same  process 
being  performed  for  every  zone,  the  vaUic  of.T  in  (10.)  will  be 
obtained,  and  by  the  final  substitution  in  (2.)  of  I,  +  J  for  I, 
and  I,  +  J'for  I' (J'  being  the  value  of  J  when  C,  changes  to 
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Cg),  we  can  ascertain  the  actual  change  in  sidereal  time  pro- 
duced by  the  removal  of  masses  on  the  surface  of  the  earth 
from  high  to  low  levels.  It  is  evident,  that  when  calculating 
the  value  of  J'  by  means  of  C2)  the  masses  of  the  zones  of  the 
shell  must  not  be  changed  from  what  they  were  when  ob- 
tained from  Cj. 

To  show  that  the  general  equations  which  have  been  ob- 
tained in  the  preceding  part  of  this  memoir  can  be  applied  to 
the  determination  of  geological  questions,  the  following  nume- 
rical application  of  them  has  been  made.  This  problem  would 
be  solved  if  it  could  be  shown  that  an  appreciable  change  in 
the  length  of  the  day  would  be  produced  by  an  amount  of  de- 
gradation of  the  earth's  surface,  such  as  would  be  within  the 
limits  of  what  geological  considerations  render  probable  for 
the  interval  of  time  between  the  periods  when  the  data  may 
have  been  obtained  for  determining  the  change  in  time. 

Let  T  represent  any  appreciable  change  in   the  length  of 

the  day.  Then  in  the  equation  ^'  =  ^  y,  ^'  will  become  ^  +  r, 
the  upper  sign  being  taken  when  l'>- 1,  the  lower  when  I'<:I, 
and  the  former  notation  being  used.  Hence  t=/(i— -j)  in 
the  case  now  under  consideration.     But 

l'=Il+l',-l3,        I  =  Il  +  l2-l3, 

Ij  representing  the  moment  of  inertia  of  the  internal  heteroge- 
neous spheroid,  I'g  —  I3  the  moment  of  inertia  of  the  external 
shell  with  the  mean  thickness  Cg,  and  I2— 13  the  moment  of 
inertia  of  the  shell  with  the  thickness  Qy  The  value  of  t 
will  therefore  be  represented  by  the  formula 

-'{^^) (^«-) 

If  C,,  Cg,  and  D  the  mean  depth  of  the  sea,  be  supposed 
the  same  at  every  latitude,  and  if  we  substitute  the  values  of 
Ii,  I2,  I'g  and  I3,  found  upon  these  suppositions  in  the  above 
equations,  we  shall  have,  when  we  solve  it  with  respect  to  Cgj 


Co  =  D 


■^  +  y^^|%-D  +  C,)(/3-D  +  C,)^-^ 


K(«-D) 


(^_D)4  +  ^((«_D  +  C,)(/3-D  +  C,r-(«-D)(/3-D)^)]|. 

P  V 
But  C2=Ci-:^-— , 

V- 
V  representing  Ui  — Ug,  or  the  mean  vertical  space  through 
which  the  mass  P  is  transported.     Eliminating  Cg  between 
the  last  two  equations,  and  we  shall  obtain 
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_SC, 


P= 


V 


|^-D-f-C,-y/(/3-D  +  C0«-^[|(«-D) 


(.-Dr.(,-D.CO^-^«^Jffi^  (...) 

substituting  for  /*  its  value  S  Cj,  S  being  the  surface  of  the 
land. 

In  the  above  formula,  and  the  first  of  the  tvi^o  equations  ex- 
pressing the  value  of  Cg,  we  have  used  for  brevity  the  letters 
/•,  ky  and  K,  for  the  following  expressions : — 

K=    ^^^^ 

~  1875^2 


If  we  assume  that  the  mean  height  of  the  land  above  the 
level  of  the  sea  is  equal  to  the  mean  depth  of  the  ocean,  and 
for  the  value  of  the  latter  two  miles,  the  surface  of  the  sea 
twice  that  of  the  dry  land,  and  the  density  of  the  water  half 
that  of  the  land,  the  value  of  Cj  will  evidently  be  two  miles. 
A  value  of  V  not  very  inconsistent  with  observation  would 
be  half  a  mile;  those  of  «  and  /3  are  obtained  from  Mr. 
Airy's  treatise  on  the  Figure  of  the  Earth.     We  have  made 

T  =  of  a  second,  as  it  has  been  shown  that  if  the  length 

of  the  day  had  varied  since  the  time  of  Hipparchus  by  the 
one-three-thousandth  part  of  a  second,  the  value  of  the  secular 
equation  of  the  moon  would  be  changed  by  more  than  4-". 

The  sidereal  day  being  represented  by  ^,  it  follows  that  - 

=  -r:rr7T::7:^z?.'     The  value  of  P  calculated  from  these  data 
86400000 

will  be  less  than  five  feet  multiplied  into  the  area  of  all  the 

dry  land. 

The  amount  of  denudation  of  the  earth's  surface  repre- 
sented by  the  above  quantity  appears  to  be  within  the  limits 
which  can  be  assigned  by  geological  observations. 

Dublin,  July  9, 1846. 


LX.  On  a  Peculiar  Method  qf  obtaining  the  Sesqut-Jetro- 
cyanide  of  Potassium.     By  Prof.  Sciiqcnuein,  of  Baslc^. 

MY  experiments  on  ozone  have  shown  that  this  substance, 
like  chlorine,  is  capable  of  transforming  the  yellow 
ferrocyanide  of  potassium  mto  the  red  one.     1  he  other  day 
*  Communicated  by  the  Autlior. 
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I  made  use  of  this  property  with  the  view  of  preparing  a  com- 
paratively considerable  quantity  of  the  last-named  salt.  To 
arrive  at  this  end,  I  put  into  each  of  twelve  large  balloons  filled 
with  atmospheric  air  a  piece  of  pure  phosphorus,  an  inch  long, 
in  such  a  manner  that  half  of  the  bulk  of  the  pieces  of  phospho- 
rus was  immersed  in  water,  whilst  the  other  half  was  exposed 
to  the  action  of  the  ambient  air.  I  left  the  whole  to  itself  at 
a  temperature  of  70°  F.  for  about  twelve  hours,  after  which 
time  the  atmospheres  of  the  vessels  appeared  to  be  so  much 
charged  with  ozone,  that  their  smell  resembled  that  of  chlo- 
rine; paste  of  starch  containing  some  iodide  of  potassium  be- 
came instantaneously  black  in  them,  litmus  paper  was  bleached 
within  a  few  minutes,  &c. 

Things  being  in  this  state,  the  acid  was  carefully  removed 
from  the  balloons  by  rinsing  them  with  distilled  water,  and 
then  an  aqueous  solution  of  the  yellow  prussiate  was  poured 
into  one  of  the  vessels.  I  need  not  say,  that  in  shaking  the 
solution  with  the  ozonized  atmosphere  of  the  balloon,  the  odo- 
riferous principle  disappeared  almost  instantaneously.  After 
the  ozone  had  been  entirely  taken  up,  the  solution  was  trans- 
ferred to  a  second  balloon  and  shaken ;  from  thence  poured 
into  a  third  vessel,  and  so  on  until  ozone  acted  no  further  upon 
the  liquid,  or  what  comes  to  the  same  thing,  until  the  solution 
no  longer  yielded  prussian  blue  with  nitrate  of  peroxide  of 
iron.  The  solution,  on  being  now  sufficiently  evaporated, 
yielded  most  beautiful  crystals  of  the  red  cyanide.  It  is 
worth  while  to  state  here,  that  under  the  circumstances  men- 
tioned so  much  ozone  had  been  developed,  that  the  ozonized 
air  of  two  balloons  was  sufficient  to  transform  completely 
5  grammes  of  the  yellow  crystallized  salt  into  the  sesqui-cya- 
nide.  The  formation  of  this  compound  depending  upon  the 
elimination  of  part  of  the  potassium  contained  in  the  yellow 
prussiate,  it  follows  that  besides  the  red  cyanide  another  alka- 
line substance  must  be  formed.  What  that  compound  is,  I 
am  not  yet  prepared  to  say,  but  I  have  reasons  which  make 
me  inclined  to  believe  that  ozone  combines  with  some  po- 
tassium, changing  the  latter  into  a  peculiar  peroxide  of  that 
metal  soluble  in  water  and  able  to  co-exist  with  the  red  cya- 
nide. Those  reasons  are,  that  the  solution  of  the  yellow  cya- 
nide, after  having  been  decomposed  by  ozone,  exhibits  a  much 
stronger  alkaline  reaction  than  the  yellow  salt  does ;  and  that 
the  said  solution,  by  being  acidulated  with  dilute  sulphuric 
acid,  colours  deeply  the  paste  of  starch  containing  iodide  of 
potassium.  It  is  a  remarkable  fact,  which  I  ascertained  many 
years  ago,  that  peroxide  of  lead  or  of  manganese  acts  in  the 
same  manner  upon  a  solution  of  the  yellow  cyanide  as  ozone 
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does.  That  circumstance  seems  to  speak  in  favour  of  the 
supposition  of  ozone  and  peroxide  of  lead  being  similarly 
constituted. 

Before  concluding  this  notice,  I  must  not  omit  to  remark, 
that  according  to  my  experiments  the  methods  which  yield 
ozone  more  abundantly  than  any  other  hitherto  made  use  of, 
consists  in  exposing  clean  phosphorus  to  the  action  of  stagnant 
air  and  water  at  a  temperature  of  TO^-SO"  F.  M.  Marignac 
and  some  other  chemists,  with  a  view  of  producing  ozone  as 
abundantly  and  easily  as  possible,  caused  a  contiimous  cur- 
rent of  air  to  pass  over  phosphorus;  but  how  imperfect  that 
method  is,  appears  from  tlie  fact,  that  the  distinguished  che- 
mist of  Geneva  procured  with  his  apparatus,  working  night 
and  day  for  four  weeks,  no  more  ozone  than  was  just  sufficient 
to  decompose  2  grammes  of  iodide  of  potassium.  It  seems 
that  the  presence  of  some  ozone  in  the  atmospheric  air  favours 
very  much  the  formation  of  that  substance,  and  probably  ac- 
counts for  so  little  ozone  being  obtained  by  Marignac's  method. 

LXl.  On  the  Nature  of  Oxone. 
By  Prof.  C.  F.  Schcenbein  of  Bailed . 

THE  properties  of  ozone,  and  the  circumstances  under 
which  that  remarkable  substance  is  produced,  render  it 
highly  probable  that  ozone  is  a  peculiar  peroxide  of  hydrogen. 
MM.  De  la  Rive  and  Marignac  have  lately  ascertained'  the 
highly  interesting  fact,  that  dry  oxygen,  on  being  exposed  to 
the  action  of  electrical  sparks,  yields  ozone;  and  from  this  fact 
the  philosophers  of  Geneva  have  drawn  the  conclusion,  that 
ozone  is  nothing  but  oxygen  brought  into  a  peculiar  condition 
by  the  agency  of  electricity.  Sinjple  and  well-founded  as  that 
inference  seems  to  be,  it  is  nevertheless  so  extraordinary  that 
I  cannot  Iiclp  making  a  remark  or  two  on  the  subject. 

It  lias  very  often  been  asserted  that  electricity  is  capable 
of  modifying  the  chemical  properties  of  elementary  substances, 
for  instance,  the  ilegree  of  the  oxidability  of  metals,  &c.  As 
far  as  I  know,  there  is  however  not  one  single  fact  known  that 
proves  the  correctness  of  the  assertion  in  a  satisfactory  man- 
ner, for  what  is  called  the  passive  state  of  some  metals  brought 
about  by  voltaic  currents,  or  the  protection  of  metals  ellected 
by  voltaic  means,  are  phienomena  referable  to  other  than  elec- 
trical causes.  As  far  as  our  knowledge  goes  regarding  the 
influence  exerted  by  electricity  upon  simple  bodies,  it  does  not, 
to  my  apprehension, entitle  us  loaduiit  that  their  chemical  |)ro- 
perituH  uru  in  the  least  altered  by  electricity;  on  the  contrary, 
*  CominunicutoU  by  thu  Author. 
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the  present  state  of  science  renders  it  rather  more  than  pro- 
bable, that  that  agent,  powerful  as  it  is  in  other  respects,  is  in- 
capable of  causing  in  a  direct  manner  any  material  change  in 
the  chemical  bearings  of  elementary  bodies. 

If  the  conclusion  drawn  by  the  distinguished  philosophers  of 
Geneva  should  happen  to  be  correct,  the  transformation  of 
common  oxygen  into  ozone  by  electrical  action  would  be  a 
case  quite  unique,  and  on  that  very  account  of  the  utmost 
scientific  importance.  Such  a  fact  would  indeed  almost  imply 
the  possibility  of  transforming  one  elementary  body  into  an- 
other by  the  agency  of  electricity,  for  in  many  respects  ozone 
differs  as  materially  from  oxygen  as  any  two  heterogeneous 
bodies  can  possibly  do.  It  is  true,  modern  chemistry  has  made 
us  acquainted  with  a  number  of  facts  which  prove  that  under 
given  circumstances  the  same  elementary  substance  may  exist 
in  different  conditions.  Those  peculiar  states  have,  however, 
as  far  as  I  know,  not  yet  been  observed  in  any  gaseous  ele- 
mentary body*  ;  and  it  is  further  known  that  the  allotropical 
modifications  of  simple  bodies  have  as  yet  been  brought  about 
by  the  agency  of  heat  only,  and  in  no  case  by  that  of  electri- 
city. It  is  said  that  chlorine,  after  having  been  exposed  to 
the  action  of  solar  light,  enjoys  the  power  of  combining  with 
hydrogen  in  the  dark,  and  at  the  common  temperature.  Sup- 
posing Dr.  Draper's  observation  fully  correct,  the  elementary 
nature  of  chlorine  is  not  half  so  certain  as  that  of  oxygen  ;  and 
then  we  must  bear  in  mind  that  the  modification  which  chlo- 
rine undergoes  under  the  influence  of  light  is  insignificant  if 
compared  to  that  which  oxygen  is  said  to  suffer  when  exposed 
to  the  action  of  electricity. 

If  ozone  be  nothing  but  oxygen  modified  by  electrical  influ- 
ence, it  follows  that  a  given  volume  of  absolutely  pure,  i.  e. 
anhydrous  oxygen,  when  sufficiently  long  acted  upon  by  elec- 
trical sparks,  must  be  entirely  transformed  into  ozone,  /.  e. 
changed  in  such  a  way  as  to  be  readily  and  completely  taken 
up  by  a  solution  of  iodide  of  potassium  or  of  the  yellow  ferro- 
cyanide  of  potassium.  An  experiment  of  that  kind  has  not 
yet  been  made ;  but  if  any  chemist  succeeds  in  transforming 
one  cubic  inch  only  of  what  is  called  completely  dry  oxygen 
into  ozone,  we  must  admit  the  correctness  of  the  conclusion 
of  the  philosophers  of  Geneva,  extraordinary  as  it  may  appear 
to  us.  Before  such  a  decisive  result  is  obtained,  I  continue 
to  consider  ozone  as  a  peculiar  peroxide  of  hydrogen;  and 
the  principal  reasons  which  determine  me  to  maintain  that 
view  are  the  following  : — 

1.  Ozone  is  such  a  powerfully-smelling  substance,  that  in- 
*  See  Prof.  Draper's  paper  in  the  present  Number,  p.  327. — Ed. 
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finitely  small  quantities  are  capable  of  affecting  the  olfactory 
nerves. 

2.  Quantities  of  ozone,  by  far  too  minute  to  be  ascertained 
by  weight,  still  perceptibly  colour  the  test-paste. 

Hence  it  follows  that  a  quantity  of  aqueous  vapour,  so  small 
as  cannot  be  ascertained  even  by  our  most  delicate  hygro- 
scopical  tests,  is  sufficiently  large  to  produce  with  oxygen  so 
much  ozone,  that  the  presence  of  the  latter  is  detected  both 
by  the  nose  and  the  test-paste.  MM.  De  la  Rive's  and  Ma- 
rignac's  conclusion  is  founded  upon  the  assumption  that  the 
oxygen  with  which  they  made  their  experiments  was  abso- 
lutely dry;  and  if  chemists  admit  that  moist  oxygen,  after  ha- 
ving passed  through  strong  sulphuric  acid,  does  not  contain 
any  trace  of  aqueous  vapour,  this  inference  is  drawn  from  the 
fact,  that  in  oxygen  treated  in  the  manner  indicated,  no  water 
can  be  detected  by  any  hygroscopical  means  hitherto  known. 
It  is  however  very  possible  that  minute  quantities  of  vapour 
escape  the  hygroscopic  action  of  sulphuric  acid ;  it  is  very 
possible  also  that  oxygen  obtained  even  from  melted  chlo- 
rate of  potash  still  contains  some  traces  of  water,  and  that 
those  minute  quantities  of  vapour  are  large  enough  to  pro- 
duce ozone  sufficient  to  colour  the  test-paste  and  affect  the 
sense  of  smelling.  Such  a  conjecture  seems  indeed  to  be  far 
less  bold  and  more  in  accordance  with  the  present  state  of 
chemical  science,  than  the  view  which  MM.  De  la  Hive  and 
Marignac  have  taken  of  the  subject.  If  my  opinion  should 
happen  to  be  correct,  the  very  property  exhibited  by  oxygen, 
of  producing  traces  of  ozone  when  the  former  hap})ens  to  be 
exposed  to  electrical  action,  would  prove  the  most  delicate 
means  of  detecting  the  minutest  quantities  of  vapour  contained 
in  that  gas. 

In  forming  a  judgement  respecting  tiie  nature  of  ozone,  I 
think  one  thing  ought  not  to  be  left  entirely  out  of  consider- 
ation, namely  the  fact,  that  in  spite  of  some  material  dilfer- 
ences  of  properties  which  exist  between  ozone  and  Thcnard's 
peroxide  of  hydrogen,  both  bodies  exhibit  many  chemical 
bearings  very  similar  to  each  other.  Both  substances  possess 
blcachmg  powers,  both  of  them  transform  a  number  of  metallic 
protoxides  into  peroxides,  both  produce  sulphmic  acid  if  added 
to  sulphurous  acid,  both  are  destroyed  by  n  great  number  of 
organic  matters,  &c. 

1  myself  and  M.  Marignac  have  oscertained  that  ozone  is 
destroyed  wlien  exposed  to  a  certain  degree  of  temperature. 
Now  that  chemist  must  admit  that  heat  has  the  power  to  an- 
nihilate the  peculiar  condition  which  oxygen  is  said  to  assume 
when  placed  under  electrical  inilucncu.   ft  appears  to  me  that 
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the  fact  alluded  to  is  more  satisfactorily  accounted  for  by  ad- 
mitting that  the  destruction  of  ozone  depends  upon  its 
decomposition,  than  by  ascribing  it  to  a  change  of  state  of 
oxygen  by  heat.  M.  Marignac  is  inclined  to  consider  elec- 
tricity as  the  engendering  cause  of  the  ozone  produced  by 
means  of  phosphorus,  and  thinks  the  electricity  necessary 
for  the  production  of  the  odoriferous  principle  to  be  deve- 
loped in  consequence  of  the  chemical  action  taking  place  be- 
tween the  oxygen  of  the  atmosphere  and  phosphorus.  On  this 
point  I  made  many  experiments  some  years  ago,  because  I 
thought  it  possible  that  electricity  had  something  to  do  with 
the  chemical  generation  of  ozone.  I  did  not  however  succeed 
in  tracing  any  sign  of  electricity  developed  under  the  circum- 
stances mentioned.  Now  as  the  most  powerful  discharges  ef- 
fected by  our  electrical  arrangements  produce  quantities  of 
ozone  immeasurably  minute,  when  compared  to  those  which  a 
small  piece  of  phosphorus  is  able  to  generate  at  the  same  time, 
I  doubt  as  yet  very  much  the  conclusion  that  electricity  has 
something  to  do  with  the  generation  of  chemical  ozone;  and  I 
doubt  it  so  much  the  more  as  1  am  not  convinced  at  all  that  any 
chemical  action  is  accompanied  by  a  development  of  electricity. 

Before  concluding,  I  take  the  liberty  to  suggest  a  simple 
method,  by  means  of  which  the  question  regarding  the  nature 
of  ozone  may  be  decided  in  a  satisfactory  manner.  From  the 
notice  above  given.  On  a  Peculiar  Method  of  preparing  the 
Red  Ferrocyanide  of  Potassium,  it  appears  that  under  fa- 
vourable circumstances  so  much  ozone  was  formed  in  two  bal- 
loons only  as  to  enable  me  to  transform  by  that  odoriferous 
principle  5  grammes  of  the  yellow  prussiate  into  the  red  one. 
This  fact  proves,  that  in  the  case  mentioned  a  quantity  of 
ozone  had  been  produced  sufficient  to  be  ascertained  by  weight. 
Supposing  the  atmospheres  of  a  number  of  balloons  charged 
with  ozone  as  strongly  as  possible,  let  those  atmospheres 
pass  through  tubes  containing  either  chloride  of  calcium  or 
asbestos  drenched  with  strong  sulphuric  acid,  so  as  to  de- 
prive the  ozonized  air  of  its  vapour  as  completely  as  possible. 
Cause  the  dried  atmospheres  to  go  through  a  narrow  tube, 
heated  so  as  to  destroy  entirely  the  ozone  passing  through  it. 
Now  if  the  view  I  have  taken  of  the  nature  of  ozone  be  cor- 
rect, under  the  circumstances  mentioned,  that  odoriferous 
substance  will  be  decomposed  into  water  and  oxygen;  and 
having  in  our  balloons  a  measurable  quantity  of  ozone,  it 
follows  that  the  quantity  of  water  resulting  from  the  decom- 
position of  the  ozone  must  also  be  large  enough  to  allow  of 
being  collected  by  hygroscopic  substances  and  ascertained  by 
weight. 

Basle,  Aug.  20,  1845. 
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May  29,  "  |^N  the  Ashes  of  Wheat."  By  William  Sharp,  Esq., 
1845.  VJ  F.R.S. 
The  experiments  recorded  in  this  paper  were  undertaken  princi- 
pally with  the  ultimate  view  of  ascertaining  with  exactness  what 
quantity  of  inorganic  matter  is  removed  from  the  soil  by  the  seeds 
of  a  crop  of  wheat.  The  author  first  inquires  what  is  the  average 
amount  of  the  inorganic  or  incombustible  portion  of  a  given  quan- 
tity of  wheat ;  a  question  to  which  no  satisfactory  answer  has  yet 
been  given.  The  result  of  the  author's  experiments  is,  that  wheat 
yields,  by  slow  combustion,  a  residue  of  from  1^  to  If  per  cent.  He 
then  proceeds  to  determine  by  experiment  the  degree  in  which  this 
result  is  influenced  by  previous  drying  at  different  temperatures, 
varying  from  230°  to  260°  Fahr.,  and  finds  that  a  heat  of  245°  is 
not  sufficient  to  expel  all  the  moisture  contained  in  wheat ;  for  while 
the  loss  of  weight  is  then  about  8  per  cent,  by  a  heat  of  260°,  the 
amount  of  this  loss  is  10  per  cent.  When  the  heat  is  so  great  as  to 
occasion  decomposition,  the  saline  matter  contained  in  the  wheat 
fuses,  and  a  portion  of  the  carbon  becomes  so  entangled  or  firmly 
adherent  to  it,  as  to  be  incapable  of  separation  by  burning.  Hence 
he  recommends,  in  order  to  obtain  greater  uniformity  in  the  results, 
that  the  wheat  subjected  to  these  experiments  should  be  dried  at  a 
low  temperature,  such  as  that  of  a  room  in  summer,  and  be  allowed 
to  remain  a  few  days  under  its  influence.  The  author  tried  the 
effect  of  the  addition  of  nitric  acid,  with  a  view  to  save  time  by  ac- 
celerating the  combustion ;  but  found  that  the  results  could  not  be 
relied  upon  when  this  plan  was  adopted,  and  he  weis  therefore  obliged 
to  relinquish  it.  He  next  directed  his  inquiries  to  the  ascertaining 
whether  the  quantity  of  inorganic  matter  was  in  proportion  to  the 
specific  gravity  of  the  grain,  that  is,  to  its  weight  per  bushel ;  and 
this  he  found  in  general  to  be  the  case.  The  conclusion  he  deduces 
from  this  investigation  is,  that  the  mean  amount  of  inorganic  matter 
removed  from  the  soil  by  the  grain  of  a  crop  of  wheat  is  exactly  one 
pound  per  acre. 

"On  Henzoline,  anew  organic  Salt-base  obtained  from  Oil  of 
Bitter  Almonds."     By  George  Fownes,  Esq.,  F.R.S. 

Pure  oil  of  bitter  almonds  is  converted,  by  the  action  of  a  strong 
solution  of  ammonia,  into  a  solid  wiiite  substance  having  a  crystalline 
form,  and  which  was  termed  by  M.  Laurent  hydrobemamide.  The 
author  found  that  this  substance,  by  the  further  action  of  alkalies, 
became  harder  and  less  fusible  than  before,  and  not  differing  in  che- 
mical composition  from  the  original  substance,  but  exhibiting  the 
properties  of  an  organic  salt-basi;.  To  this  substanci;  the  author 
gives  the  name  o(  hinzothie.  He  finds  that  the  salts  which  it  forms 
by  combination  with  acids  are,  in  general,  reniarkabh*  for  their  spa- 
ring  solubility  ;  and  that  many  of  them,  as  the  hydrochlorate,  the 
nitrate  and  the  nulpiiate,  are  trystalli/able.  Of  the  properties  of 
thetc  salt*  the  author  gives  a- detailed  account. 
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June  5. — "  Electro-Physiological  Researches."  Memoir  First. 
By  Professor  Carlo  Matteucci.  Communicated  by  Michael  Fara- 
day, Esq.,  D.C.L.,  F.R.S. 

The  author  describes  several  arrangements  by  which  he  was  en- 
abled to  make  new  experiments  in  confirmation  of  the  laws  of  mus- 
cular currents,  of  which  he  has  given  an  account  in  his  recent  work, 
entitled  "  Traite  dcs  Plienomenes  Electro-Physiologiques  des  Ani- 
maux."  He  finds  that,  in  these  experiments,  the  employment  of  a  gal- 
vanometer is  unnecessary,  as  the  sensibility  of  the  electroscopic  frog 
of  Gal  van  i  gives  sufficient  indications  of  the  electric  current  without 
the  use  of  that  instrument. 

The  general  results  obtained  from  these  experiments  are  the  fol- 
lowing. 

In  the  first  place,  the  intensity  and  duration  of  the  muscular  cur- 
rent is  independent  of  the  nature  of  the  gas  in  which  the  muscular 
pile  is  immersed.  Secondly,  it  is  altogether  independent  of  the  ce- 
rebro-spinal  portion  of  the  nervous  system.  Thirdly,  the  circum- 
stances which  exercise  a  marked  influence  on  its  intensity  are  the 
conditions  of  the  respiratory  and  circulatory  systems.  Fourthly,  those 
poisons  which  seem  to  act  directly  on  the  nervous  system,  such  as  hy- 
drocyanic acid,  morphia  and  strychnine,  have  no  influence  on  the  ner- 
vous current.  Fifthly,  sulphuretted  hydrogen  has  a  decided  influence 
in  diminishing  the  intensity  of  the  muscular  current.  Sixthly,  the  in- 
tensity of  this  current  in  I'rogs  varies  according  to  the  temperature  in 
which  the  frogs  have  been  kept  for  a  certain  time  during  lite  ;  a  result 
which,  of  course,  is  not  obtainable  with  animals  which  do  not  take 
the  temperature  of  the  surrounding  medium.  Lastly,  the  intensity 
of  the  muscular  current  in  animals  increases  in  proportion  to  the 
rank  they  occupy  in  the  scale  of  beings ;  and  on  the  other  hand,  its 
duration  after  death  is  exactly  in  an  inverse  ratio  to  its  original  in- 
tensity. The  author  concludes  by  stating  his  belief,  that  the  pro- 
perty of  the  muscles  imntediately  connected  with  their  electric  cur- 
rents, is  identical  with  that  which  was  long  ago  denominated  by 
Haller  irritability,  but  which  is  at  present  more  usually  designated 
by  the  term  contractility.  He  ascribes  the  development  of  this 
muscular  electricity  to  the  chemical  actions  which  are  attendant  on 
the  process  of  nutrition  of  the  muscles,  and  result  from  the  contact 
of  arterial  blood  with  the  muscular  fibre.  He  conceives  that  in  the 
natural  state  of  the  muscle,  the  two  electricities  thus  evolved  neu- 
tralise each  other  at  the  same  points  at  which  they  are  generated ; 
while  in  the  muscular  pile  contrived  by  the  author,  a  portion  of  this 
electricity  is  put  into  circulation  in  the  same  manner  as  happens  in 
a  pile  composed  of  acid  and  alkali  separated  from  one  another  by  a 
simply  conducting  body. 

June  19. — "On  the  Connexion  between  the  Winds  of  the  St. 
Lawrence  and  the  Movements  of  the  Barometer."  By  William 
Kelly,  M.D.,  Surgeon  K.N.,  attached  to  the  Naval  Surveying  Party 
on  the  River  St.  Lawrence.  Communicated  by  Captain  Beaufort, 
R.N.,  F.R.S. 
■  The  author  adduces  a  great  number  of  observations  which  are  in 
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opposition  to  the  generally  received  opinion,  that  the  mercury  in  the 
barometer  has  always  a  tendency  to  fall  when  the  wind  is  strong. 
During  a  period  of  fifteen  years  passed  in  the  Gulf  and  River  St. 
Lawrence,  he  found  that  the  barometer  as  frequently  rises  as  falls 
under  the  prevalence  of  a  strong  wind ;  and  that  the  winds  often 
blow  with  greater  force  with  a  rising  than  with  a  falling  barometer. 
He  gives  a  circumstantial  account  of  the  progress  and  course  of  va- 
rious gales  which  fell  under  his  observation  during  that  period,  and 
from  which  he  infers  the  existence  of  a  steady  connexion  between 
the  prevailing  winds  of  this  region  and  the  movements  of  the  baro- 
meter, and  enters  into  an  inquirj^  into  the  mode  in  which  that  in- 
strument is  affected  by  them.  The  extensive  valley  of  the  St.  Law- 
rence is  bounded  at  its  lower  part,  for  a  distance  of  nearly  500 
miles,  by  ranges  of  hills,  rising  on  each  side  to  a  considerable  eleva- 
tion. Within  this  space,  the  ordinary  winds  follow  the  course  of  tlie 
river ;  and  in  almost  every  instance  when  they  approach  from  wind- 
ward, the  barometer  rises  with  them ;  and  when,  on  the  other  hand, 
the  wind  approaches  from  leeward,  the  barometer  not  only  falls  be- 
fore the  arrival  of  the  wind,  but  continues  to  fall  until  it  has  sub- 
sided. 

An  appendix  is  subjoined  containing  extracts  from  the  tabular  re- 
gister of  the  barometer  and  winds  at  various  points  in  the  valley  of 
the  River  St.  Lawrence,  during  the  years  IBS*  and  1835,  accompa- 
nied by  remarks  on  different  points  deserving  notice  in  particular 
cases. 

*'  On  the  Elliptic  Polarization  of  Light  by  reflexion  from  Metallic 
Surfaces."  By  the  Rev.  Baden  Powell,  M.A.,  F.ll.S.,  Savilian  Pro- 
fessor of  Geometry  in  the  University  of  Oxford. 

In  a  former  paper,  published  in  the  Philosophical  Transactions 
for  IMS,  the  author  gave  an  account  of  the  observations  he  had 
made  on  the  phajnomena  of  elliptic  polarization  by  reflexion  from 
certain  metallic  surfaces,  but  with  reference  only  to  one  class  of 
comparative  results.  He  has  since  pursued  the  inquiry  into  other 
relations  besides  those  at  first  contemplated,  and  the  present  paper 
is  devoted  to  the  details  of  these  new  observations,  obtained  by  va- 
r}'ing  the  inclination  of  the  incident  rays,  and  the  position  of  the 
plane  of  analysation,  and  by  employing  different  metals  as  the  re- 
flecting surfaces.  By  the  application  of  the  undnlatory  theory  of 
light  to  the  circumstances  of  the  experiments  ami  the  resulting  pha;- 
nomcnn,  the  law  of  metallic  retardation  is  made  the  subject  of  ana- 
lytic investigation.  A  polariscope  of  peculiar  construction,  of  which 
a  description  is  given  at  the  conclusion  of  the  paper,  was  employed 
in  the  <!xpcriuicnts :  and  tables  are  subjoined  of  the  nunu-rical  re- 
sults of  the  obscrvatiotis. 

"  On  the  (ias  Voltaic  Battery.  Voltaic  Action  of  Phosphorus, 
Sulphur,  and  Hydrocarbons."  By  William  Robert  Grove,  Esq., 
M.A.,  F.R.S.,  V.P.R.I.,  Professor  of  Experimental  Philosophy  at 
the  Ix)ndon  Institution. 

The  author,  referring  to  a  paper  of  his  published  in  the  Philoso- 
phical Transactious  for  IS-tS,  states,  that  i»  repeating  and  verifying 
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some  of  the  experiments  therein  contained,  he  was  led  to  those  which, 
form  the  subject  of  the  present  memoir.  With  the  form  of  gas  bat- 
tery last  described  in  that  paper,  by  which  the  interfering  action  of 
the  external  air  is  excluded,  he  finds  that  deutoxide  of  nitrogen  as- 
sociated with  oxygen  gives  a  continuous  voltaic  current ;  and  that 
the  volumes  respectively  absorbed  by  the  electrolyte  are  as  four  to 
one,  indicating  the  formation  of  hyponitrous  acid. 

Passing  to  the  more  immediate  object  of  the  present  paper,  he  states 
that  having  observed  nitrogen  procured  by  the  combustion  of  phos- 
phorus to  give  rise,  in  the  gas  battery,  to  a  temporary  voltaic  cur- 
rent, he  was  led  to  believe  that  phosphorus,  although  an  insoluble 
non-conductor,  might,  by  means  of  the  gas  battery,  be  made  the 
excitant  of  a  continuous  voltaic  current,  analogous  to  the  zinc  ele- 
ment of  an  ordinary  voltaic  combination.  This  expectation  was  ve- 
rified by  experiments,  a  series  of  which  is  given ;  phosphorus  being 
suspended  in  various  gases  and  voltaically  associated  with  oxygen. 
The  experiments  were  continued  during  several  months,  and  the 
results  indicated  the  same  consumption  of  phosphorus  with  reference 
to  the  oxygen,  as  would  occur  by  the  formation  of  phosphorous  acid; 
the  phosphorus  being  thus  burned  by  oxygen  at  a  distance.  Phos- 
phorus and  iodine,  both  non-conducting  solids,  being  each  suspended 
in  nitrogen  in  the  associated  tubes  of  a  gas  battery,  give  a  continu- 
ous voltaic  current,  and  are  consumed  in  equivalent  ratios.  Sulphur, 
suspended  in  nitrogen  and  associated  with  oxygen,  gives  a  voltaic 
current  when  fused.  Other  volatile  electro-positive  bodies,  such  as 
camphor,  essential  oils,  aether  and  alcohol,  when  placed  in  nitrogen 
and  associated  with  oxygen,  gave  a  continuous  voltaic  current. 

The  author  observes  that  the  gas  battery  which  in  his  former  ex- 
periments introduced  gases,  by  the  present  experiments  renders  solid 
and  liquid  insoluble  non-conductors  the  exciting  constituents  of  vol- 
taic combinations,  and  enables  us  to  ascertain  their  electro-chemical 
relations :  it  also  introduces  the  galvanometer  as  a  test  of  vaporiza- 
tion. 

A  new  form  of  gas  battery  is  described,  in  which  an  indefinite 
number  of  cells  are  charged  by  the  hydrogen  evolved  from  a  single 
piece  of  zinc  ;  the  oxygen  of  the  atmosphere  supplying  the  electro- 
negative element.  The  charge  of  the  battery  is  self-sustained,  in  a 
manner  somewhat  similar  to  the  Doebereiner  light  apparatus. 

"  The  Blood-Corpuscle  considered  in  its  different  phases  of  deve- 
lopment in  the  Animal  Series."  By  Thomas  Wharton  Jones,  Esq., 
F.R.S.,  Lecturer  on  Anatomy,  Physiology  and  Pathology,  at  the 
Charing  Cross  Hospital. 

This  paper  is  divided  into  three  parts :  the  first  relating  to  the 
blood-corpuscles  of  the  Vertebrata  ;  the  second  to  those  of  the  In- 
vertebrata ;  and  the  last  to  a  comparison  between  the  two.  He  first 
describes  the  microscopic  appearances  of  these  corpuscles  in  differ- 
ent classes  of  vertebrate  animals,  beginning  with  the  skate  and  the 
frog,  and  proceeding  to  birds  and  mammifera ;  first  in  their  early 
embryonic  state,  and  next  in  the  subsequent  periods  of  their  growth. 
He  finds  in  oviparous  vertebrata  generally,  four  principal  forms  of 
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corpuscles.  These  he  distinguishes  as  the  phases,  first  of  the  gra- 
nule blood-cell,  which  he  describes  as  a  cell  filled  with  granules,  dis- 
closing by  the  solvent  action  of  dilute  acetic  acid  on  these  granules 
a  vesicular,  or  as  the  author  terms  it,  a  "  cellcsfomi "  nucleus.  These 
granule  cells  appear  under  two  stages  of  development,  namely,  the 
coarsely  granulous  stage  and  the  finely  granulous  stage.  The  se- 
cond phase  is  that  of  the  nucholated  blood-cell,  oval  in  shape,  con- 
taining a  vesicular  (or  "  cellaeform  ")  nucleus,  and  red-coloured  mat- 
ter. These  cells  likewise  appear  under  two  stages  of  development ; 
colourless  in  the  first  and  coloured  in  the  second,  in  which  last  stage 
it  constitutes  the  red  corpuscle.  In  the  early  mammiferous  embryo, 
he  finds,  in  addition  to  the  former,  a  third  phase,  that  of  free  vesicu- 
lar nucleus,  exhibiting,  like  the  nucleolated  cell,  the  colourless  and 
the  coloured  stages. 

On  examining  the  corpuscles  of  the  lymph  of  vertebrate  animals, 
the  author  finds  them  in  all  the  classes  to  be  identical  in  structure 
with  their  blood-corpuscles,  and  differing  only  in  the  inferior  degree 
of  coloration  attending  their  last  stage.  In  the  oviparous  classes,  he 
observes  that  the  nucleolated  are  more  numerous  than  the  granule 
cells,  while  in  the  mammifera  the  latter  are  predominant,  which  is 
the  reverse  of  the  proportion  in  which  they  exist  in  the  blood  of 
these  animals.  He  finds  that  some  of  the  nucleolated  cells  of  the 
contents  of  the  thoracic  duct  exhibit  a  marked  degree  of  coloration, 
and  have  an  oval  shape ;  thus  offering  a  resemblance  to  the  blood 
of  the  early  embryonic  state. 

The  blood-corpuscles  of  all  the  invertebrate  animals  in  which  the 
author  examined  them,  present  the  same  phases  of  granule  and 
nucleolated  cells  as  in  the  higher  classes,  except  that  in  the  last 
stage  of  the  latter  phase  the  coloration  is  very  slight,  but  the  vesi- 
cular nucleus  is  frequently  distinctly  coloured.  As  in  the  higher 
classes,  corpuscles  exist  in  different  states  of  transition  from  the  gra- 
nular to  the  nucleolated  form  of  cell.  In  some  of  the  invertebrata, 
corpuscles  are  found  which  a))poar  to  be  the  nuclei  of  some  of  the 
nucleolated  cells  become  free ;  and  these  the  author  considers  to  be 
abortions,  rather  than  examples,  of  cells  having  attained  their  third 
phase  of  free  cells.  Corpuscles  are  also  nxtit  with  in  these  animals, 
in  greater  or  less  abundance,  belonging  to  the  lowest  forms  of  or- 
ganic elements,  namely,  elementary  granules. 

The  comparison  which  the  author  institutes  between  the  blood- 
corpuscrles  of  the  vertebrate  and  invertebrate  divisions  of  the  animal 
kingdom,  tends  to  show  that  they  in  all  cases  pass  through  similar 
phases  of  developnu'nt,  except  with  rcspeet  to  the  last,  or  coloured 
stage  of  the  nucleolated  cell,  which  they  do  not  attain  in  the  lower 
clas-tes  of  animals.  He  finds  that  the  blood-corpuscles  of  the  crab, 
according  to  an  analysis  made  by  Professor  (Jraham,  contain  a  sen- 
sible quantity  of  iron,  perhaps  as  much  as  red  corpuscles.  Ho.  con- 
fidcrs  the  coq)uscles  of  thc!  blood  of  the  invertebrata,  inasfar  as  re- 
lates to  the  absence  of  nucleated  cells,  as  resembling  those  of  the 
lymph  of  vertcbrati;  animals. 

**  On  sumo  peculiar  niudiHcations  of  the  Force  of  Cohesion)  with 
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reference  to  the  forms  and  structure  of  Clouds,  Films  and  Mem- 
branes."    By  William  Addison,  Esq.,  F.L.S. 

In  the  course  of  his  researches  into  the  nature  and  origin  of  tu- 
bercles in  the  lungs,  and  into  the  physical  properties  of  the  secre- 
tions of  the  human  structure,  the  author  had  occasion  to  notice  va- 
rious fibrous  and  membranous  forms  arising  solely  from  physical 
agencies.  On  pursuing  the  inquiry,  he  observed  a  class  of  phseno- 
mena  indicating  some  peculiar  modifications  of  the  force  of  cohesion. 
Thus  he  found  that  transparent  liquid  streams  are  visible  when  va- 
pours or  fluids  mingle  with  one  another,  and  also  when  solids  are 
dissolving  in  a  fluid  ;  and  that  opake  deposits,  assuming  the  appear- 
ance of  clouds,  form  on  those  streams,  rendering  visible  the  lines 
of  junction  of  two  fluid  or  gaseous  surfaces.  A  great  number  of 
experiments  are  described  illustrating  these  general  facts,  which  are 
afterwards  applied  to  explain  various  phgenomena  of  clouds,  films 
and  membranous  formations,  resulting  from  the  operation  of  the 
different  cohesive  forces  which  are  called  into  action,  under  a  diver- 
sity of  circumstances,  when  liquid  or  gaseous  bodies  are  brought 
into  mutual  contact. 

"  On  the  formation  or  secretion  of  Alkaline  and  Earthy  Bodies 
by  Animals."     By  Robert  Rigg,  Esq.,  F.R.S. 

From  the  results  of  a  comparison  made  by  the  author  of  the 
weight  of  the  ashes  obtained  from  a  quantity  of  bread,  equal  to  that 
which  was  the  sole  food  of  two  mice  during  thirty-eight  days,  with 
the  weight  of  the  ashes  of  their  excretions  during  the  same  period, 
it  appeared  that  the  latter  exceeded  the  former  in  the  proportion  of 
1334-  to  934.  The  amount  of  soluble  salts  was  also  found  to  be 
greater  in  the  latter  than  in  the  former.  From  these  data,  the 
author  infers  that  both  alkaline  and  earthy  bodies  are  formed  out 
of  their  elements  by  the  animal  system,  and  found  in  their  excre- 
tions. 

"  An  Account  of  the  Observation  of  the  total  Eclipse  of  the  Sun 
on  the  2 1st  of  December  184<3."  By  Lieutenant  J.  O.  E.  Ludlow, 
E.LC.  Engineers,  Superintendent  of  the  Magnetic  Observatory  at 
Madras.  Communicated  by  J.  C.  Melville,  Esq.,  F.R.S.,  Secretary 
to  the  Hon.  the  Court  of  Directors  of  the  East  India  Company. 

The  author  reports  the  results  of  his  observation  of  the  eclipse, 
which  was  unfortunately  much  interrupted  by  the  passage  of  clouds : 
and  he  has  also  taken  the  opportunity  of  making  observations  on  the 
Magnetic  Dip  and  Horizontal  Intensity  at  certain  places  on  his 
journey. 

"  On  the  Barumetrical  Variation  as  affected  by  the  Moon's  De- 
clination."    By  Luke  Howard,  Esq.,  F.R.S. 

In  this  paper,  which  is  a  continuation  of  that  which  was  published 
in  the  Society's  Transactions  for  1841  (p.  277),  and  in  which  the 
average  results  of  the  author's  observations  extended  only  from  the 
year  1815  to  1832,  similar  records  of  calculated  averages  are  given 
down  to  the  year  1841,  and  a  comparison  drawn  with  those  of  the 
former  period.  The  author  places  the  whole  of  these  data  in  the 
hands  of  the  Royal  Society,  for  the  purpose  of  being  made  the  basis 
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of  future  inquiry,  in  what  he  terms  "  the  nascent  science  of  Meteo- 
rology." 

"  Contributions  to  the  Chemistry  of  the  Urine ;  on  the  variations 
in  the  Alkaline  and  Earthy  Phosphates  in  the  healthy  state,  and  on 
the  Alkalescence  of  the  Urine  from  fixed  Alkali."  By  Henry  Bence 
Jones,  M.A.  Cantab.,  Licentiate  of  the  Royal  College  of  Physicians. 

The  author,  having  observed  that  in  some  states  of  disease  there 
occui-s  in  the  urine  a  great  excess  of  the  earthy  phosphates,  was  in- 
duced to  investigate  the  subject ;  and  as  a  preliminary  inquiry,  to 
ascertain  the  variations  in  the  amount  of  these  phosphates  at  diflPer- 
ent  times  in  the  same  person  in  a  state  of  health,  and  to  trace  the 
causes  which  determine  an  excess  or  a  deficiency  of  these  salts  in  the 
urine  ;  noting,  at  the  same  time,  the  variations  in  the  quantity  of 
the  alkaline  phosphates  contained  in  it,  with  a  view  of  discovering 
whether  these  variations  are  influenced  by  the  same,  or  by  different 
causes.  The  principal  results  to  which  his  experiments  have  con- 
ducted him  are  the  following.  The  quantity  of  the  earthy  phos- 
phates in  the  urine  voided  soon  after  taking  food  is  considerably 
greater  than  in  that  voided  at  other  times  ;  and  this  happens  whether 
the  meal  consists  of  animal  food  or  of  bread  only.  After  long  fast- 
ing, the  proportion  of  earthy  phosphates  is  considerably  diminished. 
On  the  other  hand,  the  alkaline  phosphates  are  present  in  greatest 
quantity  when  the  food  consists  of  bread  alone  :  when  meat  alone  is 
taken,  the  deficiency  in  those  salts  is  still  more  marked  than  tlie 
excess  in  the  former  case.  Exercise  occasions  no  change  in  the 
quantity  of  the  earthy  phosphates,  but  causes  an  increase  of  nearly 
one-third  in  the  amount  of  alkaline  phosphates  ;  but  its  influence  is, 
on  the  whole,  less  than  that  of  diet.  The  earthy  phosphates  are  in- 
creased in  quantity  by  chloride  of  calcium,  sulphate  of  magnesia, 
and  calcined  magnesia  taken  into  the  stomach. 

The  author  next  examines  the  conditions  in  which  the  urine  is 
alkalescent,  and  which  he  considers  to  be  of  two  kinds ;  the  one,  long 
known  aaammoniaca/,  and  arising  from  the  presence  of  carbonate  of 
ammonia ;  and  the  other,  which  has  not  hitherto  been  distinctly  re- 
cognised, arising  from  fixed  alkali,  and  appearing  most  frequently 
in  urine  secreted  during  a  period  of  from  two  to  four  hours  after 
breakfast,  in  persons  suffering  only  from  defective  digestion.  Under 
these  circumstances,  it  may  be,  when  voided,  either  turbid  from 
amorphous  sediment,  or  clear  and  alkaline  when  tested,  or  free  from 
dciposit  and  slightly  acid.  If  in  either  of  these  last  cases  it  be  heated, 
an  amorphous  i)recipitate  falls  down,  which  is  soluble  in  dilute  hy- 
drochloric acid,  or  in  a  solution  of  biphosphate  of  soda.  Healthy 
urine  may  at  any  time  be  made  to  yield  a  precipitate  of  earthy  phos- 
phatcrt  by  heat,  even  though  it  be  acid,  by  having  a  portion  uf  this 
acid  neutralised  by  any  alkali,  or  by  phosphate  of  soda,  the  fluid 
heconiing  more  acid  when  boiled.  A  solution  of  earthy  phosphates 
in  bi|>liOHphat(!  of  soda  also  gives  a  precipitate  on  boiling,  if  some  of 
it«  acid  reaction  in  removed  by  any  alkali.  'I'iic  fluid  when  boiled 
becomcH  more  acid  to  tcitt-impctr,  indicating  the  formation  of  a  more 
basic  earthy  phosphate.     A  result  precisely  similar  is  obtained  when 
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common  phosphate  of  soda,  phosphate  of  lime,  and  a  little  biphos- 
phate  of  soda  exist  together  in  solution  ;  and  by  varying  the  quan- 
tities of  each  of  these  substances,  the  various  phaenoraena  which  the 
urine  occasionally  presents  may  be  imitated.  The  time  at  which  the 
alkalescence  of  the  urine  from  fixed  alkali  generally  occurs,  indicates 
the  existence  of  some  alkaline  phosphate,  or  of  some  carbonated  alkali 
in  the  food. 

"  On  the  Nerves  of  the  Uterus."  By  Thomas  S.  Beck,  Esq. 
Communicated  by  Sir  Benjamin  C.  Brodie,  Bart.,  F.R.S. 

The  object  of  the  author  in  this  communication  is  to  record  the 
results  of  his  dissections  of  the  nerves  of  the  uterus,  both  in  the  unim- 
pregnated  and  gravid  states,  with  a  view  to  determine  if  any  changes 
are  observable  in  them  in  these  two  conditions.  He  enters  minutely 
into  the  anatomical  details  of  the  formation  of  the  great  splanchnic 
nerve,  the  composition  of  the  semilunar  ganglion,  and  the  distribu- 
tion of  the  branches  proceeding  from  it  to  the  different  abdominal 
viscera.  His  conclusions  are,  that  while  the  ovaria  derive  their 
nerves  from  the  venal,  the  fallopian  tubes  from  the  hypogastric,  and 
the  bladder,  rectum  and  vagina  from  the  pelvic  plexus,  the  nerves 
supplying  the  uterus  are  continuations  of  the  hypogastric  plexus, 
and  that  they  undergo,  during  pregnancy,  no  further  change,  either 
in  size  or  position,  except  that  which  is  the  simple  consequence  of 
the  enlargement  of  the  organ  over  which  they  are  distributed,  and 
that  they  undergo  no  other  change  during  a  second  pregnancy.  He 
thinks  it  probable,  moreover,  that  the  vessels  of  the  uterus  do  not 
decrease  in  size  after  parturition,  but  are  only  contracted  in  their 
cavity.  He  notices  several  points  relating  to  these  subjects,  which  ^ 
are  still  open  to  further  investigation.  The  paper  is  accompanied 
by  highly  finished  drawings  of  the  appearance  of  the  dissected  parts. 

"On  a  Peculiar  Source  of  Deterioration  of  the  Magnetic  Powers 
of  Steel  Bars."  By  William  Sturgeon,  Esq.  Communicated  by 
S.  Hunter  Chi-istie,  Esq.,  Sec.  R.S. 

The  author  concludes,  from  various  experiments  on  the  changes 
in  the  magnetic  force  of  steel  magnets  produced  by  subjecting  them 
to  blows  with  a  wooden  mallet,  or  other  modes  of  creating  tremors 
or  vibrations  among  their  particles,  that  the  most  apparently  trifling 
mechanical  agitation  is  sufficient  to  occasion  a  considerable  diminu- 
tion of  magnetic  power ;  that  this  loss,  when  it  has  taken  place  from 
such  a  cause,  is  permanent;  and  that  in  every  case,  after  reaching  a 
certain  point,  it  attains  its  maximum,  a  fact  which  implies,  in  every 
magnet,  the  possession  of  a  specific  retentive  force,  of  which  it  can- 
not be  deprived  by  any  further  n)echanical  commotion  of  its  parti- 
cles. The  more  highly  a  bar  is  magnetized,  the  more  it  becomes 
susceptible  of  a  loss  of  power  by  agitation. 

"An  Account  of  a  Protracting  Pocket  Sextant."  By  Colonel 
Bainbridge.     Communicated  by  P.  M.  lloget,  M.D.,  Sec.  R.S. 

The  object  of  the  invention  here  described  is  to  facilitate  and  ex- 
pedite the  making  of  sketches  and  surveys  for  military  purposes  on 
actual  service,  and  by  serving  at  once  as  a  sextant  and  protractor,  so 
that  as  soon  as  an  angle  is  taken,  it  may  at  once  be  laid  down  on 
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paper  by  employing  the  two  legs  of  the  instrument  as  rulers.  A  de- 
scription referring  to  a  diagram  is  given  of  this  portable  sextant. 

"  Observations  on  the  Growth  and  Development  of  the  Epider- 
mis." By  Erasmus  Wilson,  Esq.,  F.R.S.,  Lecturer  on  Anatomy  and 
Physiology  in  the  Middlesex  Hospital. 

The  author  adduces  evidence  derived  from  his  microscopic  obser- 
vations, in  confirmation  of  the  commonly  received  doctrine  respect- 
ing the  origin  of  the  cells  of  the  epidermis  and  epithelium  generally, 
from  the  materials  furnished  by  the  liquor  sanguinis  or  plasma  of 
the  blood ;  which  fluid,  passing  by  endosmosis  through  the  walls  of 
the  capillary  vessels  and  peripheral  boundary  of  the  surface,  deve- 
lopes  granules  by  a  vital  process,  analogous  to  coagulation.  On  a 
careful  examination  of  the  inner  surface  of  the  epidermis  with  the 
aid  of  the  microscope,  he  finds  it  to  be  composed  of  four  kinds  of 
elements,  arranged  in  such  a  manner  as  to  constitute  an  irregular 
plane,  similar  to  a  tesselated  or  mosaic  pavement.  These  elements 
are, — I.  Granules,  which  the  author  terms  primitive,  of  a  globular 
form,  solid  and  apparently  homogeneous,  and  measuring  about 
l-20,0(X)th  part  of  an  inch  in  diameter.  ^.  Aggregated  granules, 
having  about  double  the  diameter  of  the  former  and  apparently  com- 
posed of  as  many  of  these  as  can  be  aggregated  together  without 
leaving  an  unoccupied  space  in  the  centre  of  the  mass.  3.  Nucleated 
granules  measuring  in  diameter  from  the  6000th  to  the  4000th  part 
of  an  inch,  each  being  composed  of  an  aggregated  granule  as  a 
nucleus,  enveloped  by  a  single  layer  of  aggregated  granules,  giving 
to  the  whole  mass  an  oval  or  circular,  and  at  the  same  time  flat- 
tened shape.  Their  constituent  granules  have  acquired,  during  this 
aggregation,  greater  density,  and  are  separated  from  each  other  by 
distinct  interstitial  spaces  filled  with  a  transparent  homogeneous  sub- 
stance. 4.  Nucleolo-nuckolated  cells  pervading  the  deep  stratum  of 
the  epidermis,  and  of  which  the  longer  diameter  measures  from  the 
3000th  to  the  2,'3(X)th  part  of  an  inch.  These  cells,  which  constitute 
the  principal  portion,  and  may  be  regarded  as  the  chief  constituent 
of  the  epidermis,  are  formed  from  the  nucleolated  granules,  on  the  ex- 
terior of  which  there  is  superposed  a  transparent  layer,  bounded  by  a 
well-defined  outline,  by  the  dark  interstitial  substance  of  the  wall  of  the 
cell;  the  nucleolated  granule  biding  the  nucleus,  and  the  aggregated 
granule  the  nucleolus  of  thcHe  primitive  cells  of  the  epidermis.  The 
author  is  of  opinion  that  the  nuclei,  up  to  a  certain  point,  grow  with 
the  cells,  by  tlic  separation  of  the  original  granules  from  the  deposi- 
tion between  them  of  interstitial  mutt(.'r,  and  also  by  the  cleavage  of 
the  latter  and  the  consequent  multiplication  of  tli(>  granules.  This 
peripheral  growth  of  the  cells  is  totally  difierent  from  the  mod*!  of 
growth  described  by  Schwann,  and  explains  the  disa])pearance  of  the 
nuoletM  in  the  scales  of  the  (>pidermis.  The  observations  of  the 
author  lead  him  to  believe  that  the  Name  proci-Ms  of  development  and 
of  growth  is  follow(Ml  in  the  epithelium  as  in  tlu;  epidcM'mis ;  and  li(> 
oH'ers  evidence,  nhowiiig  that  similar  arrangements  tiike  iilaer  in  the 
OtilU  of  meUnu«is,  in  the  pigment  ct^lU  of  the  choroid  meuibrane  of 
Hm  •jre,  and  in  thove  of  the  skin  of  the  negro. 
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"  On  tlie  Temperature  of  Man."  By  John  Davy,  M.D.,  F.R.S. 
L.  &E. 

Having  in  a  former  paper  shown  that,  contrary  to  a  commonly 
received  opinion,  the  temperature  of  the  human  body,  as  mea- 
sured by  a  tliermometer  placed  under  the  tongue,  is  not  a  constant 
one,  the  author  has  resumed  the  inquiry,  and  gives,  in  the  present 
paper,  the  results  of  numerous  observations  made  with  a  particular 
instrument  constructed  for  the  purpose,  admitting  of  minute  accu- 
racy (each  degree  of  the  scale  being  divided  into  ten  parts),  and 
when  used  with  the  precautions  pointed  out,  affording  satisfactory 
indications  in  many  problems  which  may  be  proposed  relative  to  the 
temperature  of  man,  &c.,  and  confines  himself  to  a  small  number, 
offering  the  information  he  brings  forward  only  as  a  preliminary 
contribution  in  aid  of  their  solution. 

The  paper  is  divided  into  seven  sections. 

The  first  treats  of  variations  of  temperature  during  the  twenty -four 
hours.  The  author  finds  from  his  observations,  that  the  temperature 
is  highest  in  the  morning,  on  rising  after  sleep ;  that  it  continues 
high,  but  fluctuating,  till  the  evening ;  and  that  it  is  lowest  about 
midnight,  ranging  on  an  average  from  98"7  to  97"9. 

The  second,  of  variations  during  the  different  seasons.  These,  he 
finds,  bear  some  relation  to  the  temperature  of  the  air,  but  less  than 
might  be  expected;  which  he  attributes  to  the  majority  of  the  ob- 
servations having  been  made  within  doors,  under  circumstances  pe- 
culiarly favourable  to  uniformity. 

The  third,  of  the  influence  of  active  exercise  on  the  temperature. 
The  effect  of  this,  when  not  carried  to  the  length  of  exhausting  fa- 
tigue, he  finds  to  be  elevating;  and  that  the  augmentation  is,  within 
a  certain  limit,  proportional  to  the  degree  of  muscular  exertion. 

The  fourth,  of  passive,  such  as  carriage  exercise.  The  effect  of 
this  in  a  cool  air,  contrary  to  that  of  quick  walking  or  riding,  would 
appear  to  be  lowering. 

The  fifth,  of  abstinence  from  all  exercise  in  a  cold  atmosphere. 
This  he  finds  to  be  depressing  in  a  still  greater  degree ;  sitting  in  a 
cold  church  has  occasioned  a  reduction  of  temperature  from  1°  to 
2°,  the  air  of  the  church  being  from  42°  to  32°. 

The  sixth,  of  sustained  attention  or  exertion  of  mind.  This  M'ould 
appear  to  have  the  effect  of  raising  the  tem]ierature,  but  in  a  much 
less  degree  than  bodily  exercise. 

The  seventh,  of  taking  food.  It  would  appear  that  a  light  meal, 
such  as  breakfast,  alters  very  little  the  temperature,  whilst  a  heavy 
meal,  such  as  dinner  with  wine,  tends  to  lower  it. 

The  conclusion  drawn  by  the  author  from  his  observations,  con- 
sidered in  their  greatest  generality,  is,  tliat  the  temperature  of  man 
is  constantly  fluctuating  within  a  certain  limit;  regularly  during 
the  twenty-four  hours ;  and  irregularly  according  to  the  operation 
of  certain  disturbing  circumstances. 

Should  nmltiplied  observations  give  similar  results,  he  infers  that 
they  will  admit  of  many  applications,  both  as  regards  the  regulation 
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of  clothing,  the  warming  of  apartments,  and  possibly  the  preven- 
tion and  cure  of  diseases, — conducive  alike  to  increase  of  comforts 
and  health. 

Tables  are  appended,  containing  a  series  of  observations  extend- 
ing through  eight  months,  in  which  not  only  the  temperature  of  the 
body  is  noticed,  but  also  the  frequency  of  the  pulse  and  of  respira- 
tion, and  the  temperature  of  the  air. 

"  On  Ozone."  By  C.  F.  Schoenbein,  Professor  of  Chemistry  at 
Basle,  in  a  letter  to  Michael  Faraday,  Esq.,  D.C.L.,  F.R.S.  Com- 
municated by  Michael  Faraday,  Esq. 

The  author  finds  that  the  peculiar  substance  he  has  denominated 
ozone,  and  which,  reverting  to  the  opinion  he  originally  entertained, 
he  now  believes  to  be  a  compound  of  oxygen  and  hydrogen,  is  ob- 
tained readily  and  in  great  abundance  by  placing  phosphorus  in  im- 
mediate contact  with  water  and  atmospheric  air  at  a  temperature  of 
about  30°  Cent.,  but  that  none  is  produced  when  water  is  absent. 
Heat  was  found  to  effect  the  decomposition  of  ozone.  He  infers, 
both  from  his  own  experiments  and  those  of  M.  Marignac,  that  tlie 
presence  of  nitrogen,  instead  of  being  essential  to  the  formation  of 
ozone,  as  he  formerly  believed,  docs  not  in  reality  contribute  in  any 
way  to  the  production  of  that  substance. 

'*  On  the  Theory  of  Vision,"  in  a  letter  to  S.  Hunter  Christie,  Esq., 
Sec.  R.S.     By  William  Ford  Stevenson,  Esq.,  F.R.S. 

The  author  adduces  two  experiments,  of  placing  before  the  eye  an 
object,  the  ends  of  which  are  marked,  in  a  vertical  position,  as 
"  clearly  demonstrating  that  objects  are  not  presented  to  the  mind 
as  they  are  found  upon  the  retina,  but  in  the  actual  position  in  which 
they  are  placed  before  the  spectator." 

"  On  the  Compounds  of  Tin  and  Iodine."  By  Thomas  H.  Henry, 
Esq.     Communicated  by  Richard  Phillips,  Esq.,  F.R.S. 

Different  properties  have  been  assigned  by  different  authoi*s  (as 
Sir  Humphry  Davy,  Gay-Lussac,  Boullay  and  Ranmielsberg)  to  a 
combination  of  tin  with  iodine.  With  a  view  to  explain  these  dis- 
cordances, the  author  instituted  the  series  of  experiments  detailed 
in  this  paper,  and  which  have  led  him  to  the  conclusion  that  the 
substance  obtained  by  heating  tin  with  twice  its  weight  of  iodine  is 
a  mixture  of  two  salts,  differing  from  each  other  in  their  compt)sition. 
One  of  these  is  soluble  in  water  to  a  slight  extent  without  suffering 
decomposition,  while  the  other  is  immediately  decomposed  on  coming 
into  contact  with  water;  the  former  being  the  real  ])roto-iodide  de- 
Kcril)ed  by  lioullay,  and  the  latter  being  a  biniodide,  a  salt  of  which 
no  particular  dj-scription  had  hitherto  been  given,  but  which  was 
probably  the  compound  noticed  by  Sir  Humphry  Davy  as  being  of 
a  brilliant  orange  colour.  The  author  found  that  this  biniodide  sul)- 
limesata  temperature  of  S.W'^  F.,  while  the  proto-iodidc,  if  protected 
from  th<!  contact  of  air,  may  bu  heated  to  redness  without  subliming. 
Tlie  author  did  not  Hucc(>(!d  in  obtaining  u  combination  of  tin  and 
iodine  corr(*nponding  to  the  H(;H(juioxi(lc,  although  Houllay  Huppos(!S 
tliat  such  wu»  the  composition  of  sonic  yellow  crystals  which  were 
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formed  by  the  mixture  of  solutions  of  proto-chloride  of  tin  and  of 
iodide  of  potassium.  A  more  detailed  account  of  the  properties  of 
the  iodides  of  tin  is  reserved  for  a  future  communication. 

Supplement  to  a  Paper  "  On  the  Nervous  Ganglia  of  the  Uterus." 
By  Robert  Lee,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College  of  Phy- 
sicians. 

The  author  is  confirmed  in  his  views  regarding  the  arrangement 
of  the  nervous  filaments  distributed  to  the  uterus,  as  described  in  his 
papers  printed  in  the  Philosophical  Transactions  for  Ib-il  and  1 842, 
by  his  recent  dissection  of  a  gravid  uterus  at  the  full  period,  and 
which  he  considers  as  demonstrative  of  the  accuracy  of  all  the  state- 
ments which  are  contained  in  those  communications. 

LXIII.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  RED  COLOUR  OF  LITHARGE.       BY  M.  LEBLANC. 

HE  author  remarks,  that  M.  Fournet  is  of  opinion  that  red  li^ 
tharge  contains  more  oxygen  than  yellow  litharge,  and  that  it 
owes  its  colour  to  a  certain  proportion  of  minium  ;  and  several  spe- 
cimens yielded  him  unquestionable  traces  of  it.  M.  Thenard  and 
most  other  chemists  attribute  the  colour  of  litharge  to  the  same 
cause. 

The  author,  without  denying  that  litharge  slowly  cooled  may  ia 
certain  circumstances  absorb  oxygen  and  give  rise  to  minium,  and 
which  is  stated  to  be  a  fact,  is  of  opinion  that  another  cause  must  be 
assigned  for  the  production  of  red  litharge  ;  and  his  grounds  for  this 
opinion  are  the  following  : — 1st,  the  red  litharge  which  he  examined 
yielded  no  oxygen  by  heat ;  2nd,  the  same  litharge,  carefully  exa- 
mined by  means  of  pure  nitric  acid,  gave  no  binoxide  of  lead,  whereas 
a  trace  of  minium,  added  to  yellow  litharge,  without  even  modifying 
its  tint,  was  discoverable  by  this  test ;  3rd,  red  litharge,  heated  to  a 
temperature  at  which  it  disengaged  no  oxygen,  and  quickly  thrown 
into  water,  became  yellow.  Exjierience  shows  that  these  variations 
of  structure  and  colour  in  litharge,  dependent  upon  the  temperature 
at  which  it  is  produced,  are  not  occasioned  by  changes  of  chemical 
composition,  but  by  isomeric  or  dimorphous  modifications ;  the  dif- 
ferences are  also  connected  with  the  different  densities  of  the  speci- 
mens. 

The  author  concludes  from  his  experiments,  that  oxygen  may  be 
dissolved  by  litharge  in  fusion,  as  it  dissolves  in  silver,  without  form- 
ing a  superoxidized  compound  ;  he  is  further  of  opinion  that  the  dif- 
ferences between  specimens  of  litharge  are  those  of  structure,  colour, 
and  density,  without  any  variation  in  chemical  composition ;  and 
these  differences  are  produceable  at  pleasure  in  the  dry  way,  accord- 
ing to  the  circumstances  of  temperature  and  rapidity  of  cooling. — 
Journ.  de  Pharm.  et  de  Ch.,  Septembre  1845. 


ANALYSIS  OF  THE  SILICATE  OF  MANGANESE  FROM  ALGIERS. 
BY  M.  EBELMEN. 

This  mineral  is  found  in  veins  in  the  primary  formation  of  tho  en- 
Phil.  Mag,  S.  3.  Vol.  27.  No.  181.  Nov.  1845.  2  D 


402  Intelligence  and  Miscellaneous  Articles. 

virons  of  Algiers,  and  it  accompanies  an  ore  of  manganese  which  is 
now  worked.  It  consists  of  two  distinct  portions,  one  lamellated 
in  three  directions  and  of  a  rose  colour ;  the  other,  on  the  surface 
exposed  to  the  air,  is  black  and  earthy,  and  about  one-third  of  an 
inch  thick ;  it  is,  however,  easy  to  ascertain  the  junction  of  these 
two  substances ;  it  is  very  evident  that  the  black  portion  is  the 
rose-coloured  mineral  altered. 

Red  Mineral. — The  density  of  this  is  3*559  ;  it  scratches  glass  ;  its 
texture  is  sometimes  laminated  and  sometimes  granular ;  it  fuses 
before  the  blowpipe,  but  not  very  readily ;  it  does  not  effervesce 
with  acid ;  boiling  hydrochloric  acid  acts  slowly  and  with  difficulty 
upon  it,  and  deposits  silica ;  the  solution  was  found  to  contain  pro- 
toxide of  iron  and  of  manganese,  with  lime  and  magnesia. 

In  order  to  analyse  this  substance,  a  portion  of  it  was  fused  with 
carbonate  of  soda ;  the  fused  mass  was  treated  with  hydrochloric 
acid,  and  the  silica  separated  by  the  usual  process  ;  this  was  entirely 
dissolved,  after  being  weighed,  in  solution  of  potash ;  the  iron  and 
manganese  were  precipitated  together  from  the  solution  by  means  of 
hydrosulphate  of  ammonia ;  the  sulphurets  were  dissolved  in  con- 
centrated hydrochloric  acid,  to  which  was  added  a  small  quantity  of 
nitric  acid  to  peroxidize  the  iron ;  the  peroxide  of  iron  was  then  se- 
parated from  the  oxide  of  manganese  by  succinate  of  ammonia. 

The  liquor  from  which  the  iron  and  manganese  were  separated 
was  saturated  with  an  acid,  boiled  and  filtered  to  separate  the  sul- 
phur, then  saturated  with  ammonia,  and  precipitated  successively  by 
oxalate  and  phosphate  of  ammonia ;  the  lime  was  estimated  in  the 
state  of  sulplaate.     The  results  of  the  analyses  were  as  follows  : — 

Silica 45-49 

Protoxide  of  manganese.  39*46 

Protoxide  of  iron 6*42 

Lime 4*66 

Magnesia 2*60 

98*63 

This  rose-coloured  substance  is  therefore  bisilicate  of  manganese 

(rhodonite  of  Beudant),  as  indicated  by  its  external  characters.     A 

very  considerable  portion  of  protoxide  of  manganese  is  replaced  by 

isomorphous  bases;  the  formula  of  this  mineral  is  (Mn  .  Fe  .  Ca  Mg .) 

Black  Substance  on  the  Surface  of  the  Silicate. — This  substance  is 
friable  ;  heated  in  a  tube  it  yields  water.  Hydrochloric  acid  attacks 
it  readily,  with  disengagement  of  chlorine,  and  leaves  a  rose-red  rc- 
•iduc. 

To  analyse  this  substance,  it  was  acted  upon  by  hydrochloric  acid, 
and  the  chlorine  evolved  was  received  in  a  very  clear  solution  of  sul- 
])hurous  acid  mixed  with  chloride  of  barium  ;  the  boiling  was  dis- 
continued soonaftcr  the  decoloration  of  the  Hubstance,  and  the  com- 
plete cximlflion  of  the  chlorine  from  the  receiver,  in  order  that  the 
r<'d  mutter  xhould  be  mh  little  acted  upon  aH  possible.  'I'ho  solution 
of  nulphuroue  aciil  l;oilcd  and  liltcrc<i  yielded  8ul])hato  of  barytos, 
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the  weight  of  which  served  to  calculate  the  oxygen  contained  in  the 
mineral  above  the  protoxide. 

The  liquor  derived  from  treating  the  black  mineral  with  hydro- 
chloric acid  was  filtered,  then  evaporated  to  dryness  to  separate  some 
flocculi  of  silica,  and  again  filtered ;  the  manganese,  iron  and  lime 
were  separated  by  the  means  already  described  ;  no  magnesia  was 
found. 

The  residue  unattacked  by  the  hydrochloric  acid  was  calcined  and 
weighed,  the  gelatinous  silica  was  then  separated  by  liquid  potash  ; 
the  portion  insoluble  in  the  alkali  consisted  of  small  rose-coloured 
grains,  which,  examined  by  the  gl^SPS.  appeared  to  be  perfectly  simi- 
lar to  the  bisilicate  from  the  centre  of  the  specimen.  In  fact,  by 
acting  upon  this  matter  by  carbonate  of  soda  in  the  platina  crucible, 
there  was  separated  by  acid  0*48  of  its  weight  of  gelatinous  silica,  a 
quantity  very  near  that  obtained  by  the  analyses  of  the  bisilicate. 

To  estimate  the  water  of  the  black  mineral,  a  portion  of  it  was 
heated  in  hydrogen,  by  employing  a  platina  crucible  with  a  tubulated 
cover ;  a  greenish  substance  was  obtained  which  was  acted  upon  by 
hydrochloric  acid  without  evolving  any  chlorine.  The  loss  of 
weight  of  the  mineral  heated  in  the  hydrogen  consisted  of, — 1st,  the 
water ;  2nd,  the  oxygen  above  that  which  corresponded  to  protoxide, 
which  was  known  by  the  weight  of  the  sulphate  of  barytes,  so  that 
the  difference  of  the  loss  in  the  current  of  hydrogen  would  give  the 
water. 

The  results  of  the  analyses  were — 

Water 10-14 

Oxygen 8-94 

Protoxide  of  manganese 43 "00 

Peroxide  of  iron 6' 60 

Lime   132 

y      ,  , ,         -^      f  Gelatinous  silica 2'40 

\  Bisilicate  unacted  upon      27 '20 

99-60 

When  it  is  considered  that  the  rose-coloured  silicate  is  acted  upon 
by  boiling  in  hydrochloric  acid,  it  will  be  admitted  as  probable,  that 
the  small  portion  of  gelatinous  silica  occurring  in  the  analyses  is 
derived  from  a  portion  of  the  bisilicate.  Admitting  this  supposition, 
and  subtracting  from  the  quantity  of  protoxide  of  manganese  found 
that  which  corresponds  to  the  gelatinous  silica,  and  which  is  2-10, 
the  remainder,  40-90,  contains  a  quantity  of  oxygen  equal  to  that 
occurring  in  the  sulphurous  acid.  It  may  also  be  concluded  that  the 
black  substance  is  a  mixture  of  hydrates  of  peroxide  of  manganese 
and  iron,  with  a  certain  proportion  of  unaltered  bisilicate. 

If  also  this  composition  be  compared  with  that  of  the  rose-co- 
loured matter,  it  will  be  seen, — 1st,  that  the  silica  and  the  magnesia 
have  completely  disappeared  during  decomposition,  as  well  as  the 
greater  part  of  the  lime ;  2nd,  that  the  protoxides  of  iron  and  of 
manganese  are  converted  into  hydrates  of  peroxides,  and  occur  in 
the  black  substance  in  the  same  relation  as  in  the  unaltered  mineral, 
-^Ann.  des  Mines,  tome  vii. 

2  D2 
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ON  THE  ARTIFICIAL  PRODUCTION  OF  DIAPHANOUS  QUARTZ. 
BY  M.  EBELMEN. 

When  either  of  the  two  silicic  aethers  which  I  have  recently  de- 
scribed* is  exposed  to  the  continued  action  of  a  moist  atmosphere, 
the  liquid  finally  solidifies  to  a  transparent  mass.  This  product, 
very  delicate  and  fragile  in  the  first  days  after  its  solidification,  con- 
tracts more  and  more  under  the  influence  of  the  moist  air  still  re- 
maining diaphanous.  Two  or  three  months  are  requisite  in  ope- 
rating on  5  or  6  grms.  of  aether,  for  the  substance  to  cease  to  lose  in 
weight  and  for  its  molecular  movement  to  terminate.  The  substance 
prepared  as  above  is  hard,  faintly  scratches  glass,  and  possesses 
great  cohesion  ;  its  lustre,  its  fracture  and  transparency  are  per- 
fectly comparable  to  the  most  beautiful  rock  crystal.  Its  density  is 
1*77.  It  is  a  hydrate,  which  contains  twice  as  much  oxygen  in  the 
silica  as  in  the  water,  the  formula  of  which  is  consequently  (SiO)- 

It  is  essential,  in  order  that  the  product  may  not  become  fissured 
during  the  contraction  it  experiences  before  attaining  the  definite 
formula  (SiO)^  HO,  not  to  allow  the  moist  air  to  enter  except  by  an 
aperture  of  very  small  diameter.  During  the  whole  of  the  experi- 
ment the  flask  containing  the  silicic  aether  exhales  an  alcoholic 
odour,  which  persists  a  long  time  after  the  solidification,  proving 
that  only  a  portion  of  the  organic  matter  had  separated  from  the 
silica  when  the  solidification  took  place.  The  contraction  proceeds 
the  more  slowly  the  less  easily  the  moist  air  is  renewed  in  the  appa- 
ratus, and  this  slowness  appears  indispensable  to  the  success  of  the 
operation. 

From  the  properties  of  the  hydrate  of  silica,  we  may  be  allowed 
to  hope  that  it  may  be  turned  to  advantage  in  the  construction  of 
optical  instruments.  It  is  my  intention  to  make  some  experiments 
in  this  direction. — Compter  Kendus,  Aug.  25,  1845. 


ON  THE  ARTIFICIAL  PRODUCTION  OF  HYDROPHANE. 
BY  M.  EBELMEN. 

By  slightly  modifying  the  process  for  the  preparation  of  hydrate 
of  silica,  described  in  the  preceding  paper,  there  is  obtained,  in- 
stead of  a  diaphanous  product,  an  opake  substance,  which  beconjcs 
entirely  transparent  when  placed  in  water,  in  a  word,  true  liydro- 
phanc.  It  suffices  for  this  purpose  that  the  silicic  ffither  employed 
retain  a  little  chloride  of  siliciura,  which  happens  when  an  excess 
qf  alcohol  has  not  been  employed  in  the  preparation  of  the  sether. 
On  exposing  this  u;ther,  still  somcwiiat  acid,  to  the  action  of  moist 
air,  there  is  obtained  a  solid  mass,  which  is  at  first  transparent, 
but  ends  by  becoming  opake  after  some  weeks*  exposure  to  the  air. 
The  translucidity  of  this  substance  is  so  much  the  less  the  greater 
the  proportion  of  the  chloride  of  silicium  in  the  lether.  Some  of  the 
fragments  have  the  seuii-trani^parency  of  opal.  They  all  become 
entirely  transparent  in  water. 

•  Sec  Phil.  Mag.  vol.  xxv.  p.  397. 
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We  are  therefore  able  artificially  to  reproduce  hj'drophane,  this 
rare  variety  of  quartz,  and  the  curious  property  of  which  had  struck 
mineralogists. 

A  very  small  proportion  of  foreign  substances  suffices  in  fact  to 
modify  the  translucidity  and  the  appearance  of  the  hydrate  of  silica ; 
thus  a  small  flask  containing  silicic  aether  having  been  closed  by  mis- 
take with  a  cork,  which  belonged  to  a  bottle  full  of  creosote,  the 
aether,  on  becoming  coagulated  under  the  action  of  moist  air,  yielded 
a  slightly  yellowish  silica,  and  merely  translucid  like  chalcedony ; 
the  product  thus  obtained  was  not  hydrophanous. 

I  propose  to  continue  and  to  vary  these  experiments,  which  appear 
to  me  of  great  importance  and  of  considerable  interest. — Comptes 
Rendus,  Sept.  1. 


IMPROVEMENTS  IN  PHOTOGRAPHY. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

From  the  many  able  papers  which  occasionally  appear  in  your 
Journal  on  photography,  by  Sir  J.  Herschel,  Messrs.  Talbot,  Hunt 
and  others,  I  am  induced  to  believe  that  any  facts  bearing  on  that 
most  interesting  subject  will  be  welcome.  I  therefore  hasten  to 
communicate  them  for  the  information  of  your  numerous  readers. 

My  attention  has  lately  been  directed  to  ascertain  what  other  sub- 
stances besides  chlorine  and  bromine,  separately  and  combined,  pos- 
sessed the  property  of  accelerating  the  action  of  light  on  a  Daguer- 
rean  or  iodized  plate ;  and  after  many  trials,  I  found  that  the  vapour 
of  ammonia  possesses  this  singular  quality  in  a  very  remarkable  de- 
gree. I  first  employed  it  with  iodine  alone,  by  simply  iodizing  a  plate 
to  a  full  yellow  colour,  and  then  exposed  it  for  a  few  seconds  to  the 
vapour  of  ammonia  in  an  exceedingly  attenuated  state  by  adding  a  few 
drops  of  strong  ammonia  to  a  little  water,  just  sufficient  to  recognise 
it  by  its  odour ;  thus  prepared  it  was  placed  in  the  camera,  and  pro- 
duced a  perfect  impression  of  a  building  in  half  a  minute  in  mode- 
rate sunshine  ;  and  several  other  experiments  satisfied  me  that  am- 
moniacal  vapour  has  a  very  quickening  action  on  iodine  alone.  My 
next  step  was  to  ascertain  how  it  would  operate  with  bromine ;  ex- 
pecting it  would  either  destroy  or  accelerate  its  action,  I  was  re- 
joiced to  find  that  it  had  the  latter  effect,  and  that  plates  prepared  in 
the  usual  manner,  with  iodine  and  simple  bromine  water,  are  ren- 
dered infinitely  more  sensitive  by  exposing  them  a  few  seconds  to 
this  vapour  than  they  are  without  it.  Having  found  that  I  could  ob- 
tain a  perfect  impression  in  sunshine  instantaneously,  and  that  five 
or  ten  seconds  only  were  sufficient  in  a  moderate  light,  I  indulge  the 
hope  that,  with  its  assistance,  moving  objects  may  therefore  be 
taken  with  facility.  I  should  inform  you  that  I  have  employed  this 
substance  in  a  variety  of  shapes,  by  exposing  the  plates  to  its  influ- 
ence previous  to  placing  them  in  the  camera,  or  by  allowing  it  to  be 
evolved  in  it  during  the  operation,  or  just  before  it  is  used,  and  in 
each  case  have  found  it  equally  efficacious.     What  is  remarkable 
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also,  the  accelerating  influence  of  the  ammonia  seems  to  be  retained 
in  the  camera  for  a  considerable  time,  notwithstanding  its  volatility ; 
in  fact  I  have  sometimes  thought  its  j^resence  in  the  operating  room 
alone  had  an  accelerating  influence,  and  am  persuaded  it  will  be 
highly  advantageous  in  a  room  where  bromine  or  iodine  is  evolved, 
whose  presence  is  known  to  suspend  the  action  of  light  altogether; 
this  vapour,  on  the  contrary,  neutralizes  them,  and  instead  of  retard- 
ing the  process,  hastens  it. 

I  have  not  had  time  to  institute  further  experiments,  which  I  think 
the  subject  well  worthy  of.  My  object  now  is  simply  to  direct  the 
attention  of  photographists  and  the  scientific  world  to  the  fact,  and 
I.  shall  be  much  mistaken  if  tliis  compound  of  hydrogen  and  nitrogen 
does  not  prove  a  valuable  adjunct  to  the  photographic  art. 

I  am.  Gentlemen, 
26  Tavistock  Place,  Tavistock  Sq  ,      Your  most  obedient  Servant, 

October  20,  1845.  W.  H.  Hewett. 

P.S.  I  should  add  that  my  experiments  were  made  with  two  me- 
niscus lenses  of  small  aperture  in  front,  and  worked  at  the  chemical, 
not  the  visual,  focus  with  achromatic  glasses.  I  have  no  doubt  much, 
more  satisfactory  results  may  be  obtained. 

W.  H.  H. 


ON    THE    LIGHTING    OF    MINES   BY    MEANS    OF    THE    ELECTRIC 

LAMP.  (Letter  of  M.  De  la  Rive  to  M.  Boussingault.) 
I  see,  by  the  Compte  Rendu  des  Stances  de  V Academic,  that  you  are 
engaged  in  seeking  means  to  employ  the  voltaic  pile  in  lighting 
mines.  This  subject  has  also  occupied  my  attention  for  a  long  time. 
I  have  made  several  attempts,  which  have  not  been  all  equally  fortu- 
nate ;  but  I  have  lately  had  more  success,  and  am  now  engaged  in 
maturing  a  process  which  I  think  is  both  oeconomical  and  convenient. 
The  pile  which  I  employ  is  formed  of  several  concentric  cylinders, 
of  copper  or  platinum,  separated  from  one  another  by  porous  c\lin- 
ders,  so  as  to  form  four  or  five  pairs  in  a  series ;  the  positive  metal 
is  a  liquid  amalgam  of  zinc,  or  still  better,  an  amalgam  of  j)otas8ium  ; 
the  liquid  is  a  solution  of  sulphate  of  copper,  in  case  the  negative 
metal  is  copper,  and  of  chloride  of  platinum  when  it  is  platinum. 

One  of  the  chief  difliculties  is  to  maintain  the  light  constant.  In 
this  I  have  not  yet  perfectly  succeeded ;  but  I  have  gained  much  by 
employing  small  hollow  thin  cylinders  of  coke,  analogous  to  those 
employed  in  Bunsen's  battery  (except  that  their  dimensions  are 
much  less),  and  by  arranging  these  cylinders  as  the  wick  of  a  lamp. 
A  ring  or  thick  metallic  disc,  of  the  same  diameter  as  the  cylinder 
of  coke,  is  arranged  above  the  latter,  so  that  the  electric  current 
cscApes  between  the  two.  Care  must  be  taken  that  the  current 
panH  from  the  coke  cylinder,  which  is  below,  to  the  metallic  con- 
ductor, which  is  above,  in  order  that  the  particles  of  carbon,  tnins- 
norted  from  below  up,  fall  by  their  own  weight.  The  whole,  tlmt 
IS  to  say,  the  coke  cylinder  and  the  metallic  adjuntmentH  which 
support  it,  oji  well  ns  the  ring  or  disc  which  Hrrves  us  conductor,  in 
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placed  in  a  small  glass  balloon  hermetically  closed.  It  is  not  ne- 
cessary to  make  a  vacuum  in  this,  because  the  little  oxygen  which 
it  contains  is  very  quickly  absorbed  by  the  incandescent  coke ;  but 
care  must  be  taken  to  intercept  entirely  all  communication  with  the 
external  air.  With  regard  to  the  battery,  it  is  adjusted  on  the 
outside  of  the  balloon  to  two  metallic  stems,  which  communicate, 
one  with  the  coke  cylinder,  the  other  with  the  metallic  conductor. 
It  can  be  changed  or  charged  anew  without  altering  anything  in 
the  internal  arrangement. 

According  to  the  strength  of  the  battery,  it  is  well  to  employ  two 
points  or  two  cylinders  of  coke,  rather  than  a  single  one  to  a 
metallic  conductor.  The  preparation  of  the  coke  is  also  very  im- 
portant ;  I  have  made  several  experiments  on  this  subject,  but  I 
am  not  as  yet  completely  satisfied. — Comptes  rendus,  Sept.  15th. 


METEOROLOGICAL  OBSERVATIONS  FOR  SEPT.  1845. 

Chiswick. — September  1.  Thick  haze  :  fine.  2,  3.  Overcast.  4.  Dense  dark 
clouds  :  clear.  5.  Cold  and  overcast.  6.  Hazy  :  fine.  7.  Cloudless  and  very 
fine.  8.  Foggy  :  clear  and  fine.  9.  Foggy:  clear.  10.  Foggy:  uniformly 
overcast:  slight  rain.  11.  Overcast  throughout.  12.  Slight  haze :  clear.  13. 
Thick  fog:  very  fine.  14,  Densely  overcast :  showery.  15.  Hazy  :  very  heavy 
rain:  clear  at  night.       16.   Thickly  overcast :   heavy  rain  :  boisterous  at  night. 

17.  Overcast:  rain:  boisterous  throughout.  18.  Very  boisterous,  with  showers  : 
clear  at  night.  19.  Boisterous.  20.  Fine  :  rain  at  night.  21.  Densely  overcast : 
rain.  22.  Clear :  partially  overcast  and  fine.  23.  Cloudy  :  frosty  at  night. 
24.  Clear  and  frosty  :  very  fine,  with  bright  sun:  clear.  25.  Densely  overcast : 
drizzly.  26.  Slight  haze  :  cloudless  and  fine.  27.  Uniformly  overcast :  slight 
drizzle  :  rain  at  night.  28.  Cloudy  throughout :  clear.  29.  Densely  overcast : 
rain.  30.  Cloudy  and  fine. — Mean  temperature  of  the  month  4-j^°  below  the 
average. 

Boston. — Sept.  1  —  5.   Cloudy.       6—9.  Fine.       10,  11.  Cloudy.       12.  Fine. 

13.  Foggy.  14.  Kain:  rain  early  a.m.  15.  Cloudy:  rain,  with  thunder  and 
lightning  P.M.  16.  Fine  :  rain  early  a.m.  17.  Rain  :  rain  early  a.m.  18,  Cloudy. 
19.  Windy.  20.  Fine.  21.  Cloudy  :  rain  early  a.m.  :  rain  p.m.  22.  Cloudy: 
rain  early  a.m.  23,24.  Fine.  25.  Cloudy.  26.  Fine.  27.  Cloudy :  rain  a.m. 
28.  Cloudy.     29,  SO.    Fine. 

Sandwich  Manse,  Orkney. — Sept.  1.  Haze:  clear.  2.  Clear.  3.  Cloudy*:  clear. 
4.  Cloudy.  5.  Clear.  6.  Fog:  cloudy.  7.  Bright:  cloudy.  8.  Rain.  9. 
Damp.      10.  Fine  :  clear.     11.  Bright :  clear.     12.  Cloudy.     13.  Bright :  cloudy. 

14.  Damp:  clear.     15.  Cloudy:  clear.     16.  Bright:  clear.     17.  Bright:  cloudy. 

18.  Rain  :  cloudy.  19.  Bright :  clear.  20.  Bright :  cloudy.  21,  22.  Showers: 
cloudy.  23.  Bright :  cloudy.  24.  Cloudy.  25.  Rain  :  clear :  aurora  borealis. 
26,  27.  Showers.  28.  Hail-showers  :  showers  :  sleet.  29.  Showers.  30.  Cloudy  : 
showers. 

Apptegarth  Manse,  Dumfries-shire. —  Sept.  1 — 4.  Fine,  though  cloudy.  5.  Fine, 
but  clear.  6.  Fair,  but  cloudy.  7.  Fair  and  clear  :  raw  frost.  8.  Fair,  but 
cloudy.  9.  Rain  all  day.  10.  Fair,  but  cloudy.  11.  Fair  and  fine.  12.  Very 
fine.  13.  Moist  and  cloudy.  14.  Showers.  15.  Hoar-frost :  shower  a.m.  16. 
Fair,  but  cloudy.  17.  Heavy  rain.  18.  Very  heavy  rain.  19,20.  Rain  p.m. 
21.  Fair  and  drying.  22,  23.  Very  fine  :  hoar-frost.  24.  Wet  a.m.  :  cleared  up. 
25,26.   Fair  and  clear.     27,28.    Heavy  rain.     29,30.  Showers  p.m. 

Mean  temperature  of  the  month  52°-4 

Mean  temi)erature  of  Sept.  1844     54  '0 

Mean  temperature  of  Sept.  for  23  years 53  '0 


*   This  morning  there  was  a  fall  of  ashes  over  all  Orkney  apparently  volcanic, 
and  supposed  to  be  wafted  from  Iceland. 
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DECEMBER    1845. 

LXIV.  On  the  Comets  iiohich  have  been  discovered  si7ice  July 
184.4.     By  J.  R.  Hind,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

1HAVE  prepared,  at  the  request  of  Mr.  Bishop,  a  few  re- 
marks on  the  comets  wliich  have  recently  appeared,  and 
I  forward  them  in  the  hope  that  tiiey  may  be  found  useful  to 
those  who  desire  information  on  the  subject  without  possessing 
the  various  astronomical  publications  in  which  it  is  generally 
to  be  found. 

I  also  avail  myself  of  the  present  opportunity  to  inclose  you 
some  results  which  I  have  lately  obtained  for  early  comets,  by 
means  of  the  Chinese  Astronomical  Annals. 

I  have  the  honour  to  be,  Gentlemen, 

Your  most  obedient  Servant, 
J.  R.  Hind. 

On  the  night  of  July  7,  1844,  M.  Mauvais  discovered  a 
telescopic  comet  in  the  constellation  Hercules:  it  was  de- 
tected at  Berlin  by  M.  d'Arrest  on  the  9th.  During  the 
month  of  August  this  comet  was  easily  observable;  it  pre- 
sented a  fine  round  nebulosity  with  a  lucid  point  about  the 
centre,  and  was  distinctly  seen  in  the  strong  twilight.  It  was 
followed  by  European  astronomers  until  the  second  week  in 
September,  when  it  became  invisible  from  proximity  to  the 
sun.  Within  ten  days  after  perihelion  passage  (October  17), 
Mr.  Mann  rediscovered  it  at  the  Royal  Observatory,  Cape  of 
Good  Hope,  with  the  assistance  of  an  ephemeris  calculated 
by  M.  Nicolai,  and  forwarded  to  the  colony  by  the  Astrono- 
mer Royal.  From  this  time  until  March  10,  *Mr.  Mann  ob- 
served it  most  indefatigably ;  and  he  has  furnished  us  with  a 
series  of  measures  which  will  prove  of  the  greatest  value  in 
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Hind. 
1844.  Oct.  17-33613. 

Greenwich  mean  time. 

180  24    9-6 

31  .39    5-4 

48  36  21-7 

9-9321180. 

Motion  retrograde. 
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final  researches  on  the  elements.  At  the  latter  end  of  January, 
Professor  Encke  with  the  Berlin  refractor,  Mr.  Lassell  at  Li- 
verpool, ^nd  many  others  again  observed  the  comet.  I  caught 
sight  of  it  on  February  2,  when  it  was  seen  without  much 
difficulty  in  Mr.  Bishop's  eleven-foot  refractor:  the  state  of 
the  atmosphere  near  the  horizon  prevented  our  taking  obser- 
vations at  an  earlier  date. 

The  parabolic  elements  of  this  comet  have  been  computed 
by  many  astronomers.  M.  Nicolai  has  based  his  calculations 
on  four  normal  positions,  three  before  and  one  after  the  peri- 
helion passage;  his  results  are  almost  identical  with  my  own, 
obtained  from  three  observations,  July  8,  November  2,  and 
February  8. 

Nicolai. 
Per.  passage (T)  1844.  Oct.  17-37544. 

Berlin  mean  time. 

Long,  of  perihelion  (t)  180  23  55-2 
Ascending  node  ...  (^)  31  .39    4-9 

Inclination  (i)      48  36  237 

Log.  least  distance  (9)  99321 208. 
Motion  retrograde. 

Our  longitudes  are  referred  to  the  mean  equinox  of  1845, 
January  1,  and  the  perihelion  is  reckoned  in  the  manner  most 
usual  among  astronomers,  viz.  on  the  ecliptic  to  the  node  and 
thence  on  the  orbit.  The  elements  require  very  small  correc- 
tions, and  these  will  be  best  applied  when  we  are  in  possession 
of  the  reduced  Cape  observations.  M.  Nicolai  suggests  that 
the  slight  differences  between  his  calculations  and  the  normal 
positions  may  arise  from  eccentricity  in  the  orbit. 

First  or  Periodical  Comet  ofDe  Vico. 

Before  the  last  comet  had  disappeared  in  the  sun's  rays, 
another  was  found  by  Father  De  Vico,  at  the  Observatory  of 
the  Collegio  Romano  at  Rome.  It  was  discovered  on  August 
22  in  the  constellation  Celus.  Mr.  Mehrop  of  Hamburg,  and 
Mr,  Hamilton  Smith  of  America  made  independent  iliscove- 
ries  of  ihi.s  comet.  Astronomers  very  soon  found  that  a  pa- 
rabola would  not  satisfy  the  observations,  and  M.  Faye  of 
the  Royal  Observatory,  Paris,  calculateil  the  elements  by 
GauHit'ti  general  method,  Iroui  which  it  was  evident  that  the 
true  path  of  the  comet  was  elliptical,  and  tiiot  the  period  of 
revolution  could  not  be  more  than  six  years.  The  discovery 
of  another  periodical  comet  so  soon  after  astronomers  had  re- 
cognised that  of  Faye,  among  the  few  which  revolve  in  less 
than  eight  years,  is  as  singular  as  it  is  important.     I  subjoin 
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the  ellipsis  deduced  by  various  computers  for  this  interesting 
comet. 


Faye. 

Nicolai. 

Goldschmidt. 

Hind. 

T  Sept.  2-483952. 

Mean  time  at  Paris. 

Sept.  2-51316. 

Mean  time  at  Berlin. 

Sept.  2  49152. 

Me*n  time  at  Berlin. 

Sept.  2-50362. 

Mean  time  at  Greenwich. 

TT 342  31  15-18 

ft 63  49  30-64 

342  31    5-50 
63  48  48-90 

342  29  44-9 
63  48  55-2 

342  32  40-1 
63  52  24-1 

i   2  54  4504 

<p  38    6  57-68 

Log.  a.  0-4912864. 
Period  1993  days. 
Motion  direct. 

2  54  45-80 

38    6  31-85 

0-4911552. 

1992  days. 

2  55    1-9 
38  12  53-0 
0-4929151. 
2004  days. 

2  54  27-14 

37  59  59-65 

0-4893706. 

1980  days. 

Faye  and  Nicolai  reckon  their  longitudes  from  the  mean 
equinox  at  the  commencement  of  1845.  Goldschmidt  counts 
from  mean  equinox  of  1844,  Sept.  21*5,  and  I  have  referred 
my  node  and  perihelion  to  the  apparent  equinox  of  Sept.  30. 

The  first  comet  of  De  Vico  was  not  generally  observed  after 
the  end  of  November.  With  the  great  equatoreal  at  Cam- 
bridge, it  was  observed  until  December  7 ;  I  observed  it  on 
December  6  with  Mr.  Bishop's  refractor,  and  perceived  it  for 
the  last  time  on  the  30th  of  December.  The  comet  had  a 
bright  nucleus,  and,  during  the  month  of  September,  a  short 
fan-like  tail. 

Dr.  Briinnow  of  Berlin  writes  me  that  he  is  making  a  com- 
plete investigation  on  the  elements  of  this  comet,  taking  ac- 
count of  the  higher  powers  of  the  masses  in  the  calculation  of 
planetary  perturbations.  This  is  precisely  the  discussion 
most  desirable  for  comets  of  short  period,  as  a  basis  on  which 
future  investigations  may  be  erected.  We  shall  probably 
learn  more  respecting  the  resisting  medium  brought  to  light 
by  Encke,  after  the  completion  of  another  revolution  of 
De  Vico's  comet. 


Great  Comet  o/"  1844-45. 

About  the  middle  of  December  1844,  a  very  fine  comet  be- 
came visible  in  the  southern  hemisphere,  in  the  constellation 
Grus.  It  was  seen  at  the  Cape  of  Good  Hope  on  December 
18;  Mr.  Caldecott  s:iw  it  at  Trevandrum  on  December  30; 
and  it  was  observed  by  Mr.  Taylor  at  the  Madras  Observa- 
tory on  January  5.  The  tail  was  from  7'  to  10°  in  length, 
the  nucleus  distinct  and  resembling  a  star  of  the  fifth  magni- 
tude.    On  December  28,  the  tail  was  found  to  be  slightly 

2  E2 
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curved  towards  the  north.  Mr.  Maclear  considered  the  ge- 
neral outline  "  more  sharp  and  clear  than  the  great  comet  of 
March  184-3." 

This  comet  was  found  by  M.  Colla  at  Parma  on  February  5, 
and  by  Dr.  Peters  and  Mr.  Cooper  at  Naples  on  February  7. 
I  saw  it  with  great  difficulty  on  March  3,  and  Professor  Challis 
observed  it  until  the  11th  of  that  month  with  the  great  equa- 
toreal  at  Cambridge.  When  I  found  the  comet  on  March  3, 
it  was  barely  perceptible  in  a  dark  field,  and  was  observable 
with  extreme  difficulty.  A  faint  oval  nebulosity  was  all  that 
could  be  distinguished  in  the  large  refractor.  At  the  Cape  of 
Good  Hope,  Mr.  Mann  observed  the  comet  until  the  12th  of 
March,  and  in  addition  to  measures  for  position,  he  has  fur- 
nished us  with  some  interesting  observations  on  the  angle  of 
position  of  the  tail  and  anterior  luminous  matter.  With  re- 
gard to  the  latter  phsenomenon,  we  have  the  following  remarks 
in  the  Monthly  Notices  of  the  Royal  Astronomical  Society  for 
May: — "On  January  11,  a  faint  ray  of  luminous  matter, 
about  \^  in  length,  was  seen  to  extend  from  the  anterior  por- 
tion of  the  comet's  head  in  a  direction  opposite  to  that  of  the 
tail.  The  breadth  of  this  ray  near  the  head  was  about  2',  in- 
creasing slightly  towards  the  extremity.  Its  borders  were 
comparatively  well-defined,  and  the  light  gradually  diminished 
in  intensity  from  that  portion  nearest  the  comet's  hend  until  it 
became  insensible.  A  dark  space  seemed  to  separate  the 
head  of  the  comet  and  ray."  It  is  further  remarked,  that  on 
the  27th  of  January-,  the  northern  borders  of  the  tail  and  an- 
terior ray  appeared  distinct  and  sharply  defined,  but  the  light 
was  fainter  on  the  southern  border  of  the  tail,  while  the  corre- 
sponding border  of  the  ray  could  no  longer  be  traced.  The 
anterior  ray  extended  about  5'  from  the  head  of  the  comet, 
but  the  actual  connexion  of  the  two  could  not  be  traced.  Mr. 
Waterston,  who  observed  at  Bombay,  first  noticed  this  singular 
appendage  on  the  16th  of  January,  and  traced  it  for  3  ,  the 
edges  being  well-defined  and  parallel.  On  January  31  the 
ray  was  still  seen,  but  very  indistinctly.  A  similar  appearance 
was  noticed  in  the  comet  of  1821'. 

The  Cape  observations  do  not  yet  admit  of  complete  reduc- 
tion, the  places  of  the  comparison  stars  being  generally  unde- 
termined. I  have  reduced  Mr.  Caldecott's  observations  and 
compared  them  with  an  ephemeris  computed  from  a  set  of  pa- 
rabolic elements  which  I  obtained  in  March  last.  The  final 
I)<).sitions,  ephemeris,  and  comparison  of  observed  and  calcu- 
aletl  places  will  be  found  in  the  Astronomische  NuchricIUcn ; 
I  »hall  merely  transcribe  tiie  elements. 
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T  1844.  December  13'68294.     Greenwich  mean  time. 

i  45  36  34 

Log.  5  9-4001230. 

Motion  direct. 

When  Mr.  Mann's  observations  are  finally  reduced,  a  more 
complete  investigation  may  be  made,  and  perhaps  we  shall 
then  learn  something  respecting  the  nature  of  the  conic  sec- 
tion described  by  the  comet.  From  some  sextant  observa- 
tions taken  in  Ceylon,  and  the  positions  furnished  by  later 
observations  in  Europe,  I  found  an  elliptical  orbit,  as  pub- 
lished in  the  Astronomische  Nachrichtcn  of  Prof.  Schumacher, 
and  also  in  the  Comptes  Rendtis  of  the  Royal  Academy  of 
Sciences  at  Paris.  The  period  in  this  ellipse  was  about  forty- 
eight  years,  but  on  receiving  Mr.  Caldecott's  observations,  it 
became  evident  that  the  earlier  observation  employed  was 
much  in  error,  and  that  the  probable  orbit  would  be  hyper- 
bolic. It  is  somewhat  singular,  that  about  the  same  time  M. 
Clausen,  misled  by  an  erroneous  observation  at  Rome,  found 
an  ellipse  of  thirty-three  years*  period  for  De  Vico's  second 
comet;  thus  affording  in  a  short  time  a  double  proof  of  the 
necessity  of  extreme  accuracy  in  cometary  observations^  and 
likewise  of  the  advantage  arising  from  the  jpublication  of  the  ori- 
ginal measures,  in  cases  where  there  is  no  check  to  be  expected 
from  cotresponding  observations  :  by  original  measures  may  be 
understood  the  mean  differences  in  right  ascension  and  decli- 
nation of  the  comet  and  comparison  star,  which  affords  the 
practical  astronomer  an  important  means  of  checking  the  de- 
duced place  of  the  comet,  and  likewise  the  accuracy  of  the 
star's  assumed  position. 

Comet  o/^d' Arrest. 

On  the  28th  of  December  1844,  M.  d' Arrest  perceived  a 
nebulosity  in  Cygnus,  which  proved  to  be  a  telescopic  comet. 
Cloudy  weather  prevented  general  observation  until  the  second 
week  in  January,  when  it  was  seen  at  most  of  the  observato- 
ries. About  the  middle  of  February  the  comet  was  within 
20,000,000  miles  from  the  earth  :  at  this  time  it  was  distinctly 
visible  with  the  smallest  optical  aid ;  I  saw  it  frequently  with 
a  telescope  one  foot  in  length  and  about  one  inch  aperture. 
The  exact  determination  of  the  elements  was  attended  with 
more  than  usual  difficulty,  from  the  comet  being  so  nearly  in 
opposition.  M.  Sievers  of  Altona  computed  the  orbit  by 
Gauss's  general  method,  and  obtained  hyperbolic  elements : 
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nevertheless  a  parabola  satisfies  the  observations  very  well. 
The  following  are  the  later  determinations  of  the  orbit : — 


Nicolai. 

Gotze. 

Hind. 

T  Jan.  8-19615. 

Mean  time  at  Berlin. 

^ 9°1  19  57-2 

ft    ...  3.36  44  30-5 
i  ......    46  50  30-5 

Loe.q    9-9567518. 
Motion  direct. 

Jan.  8-193091. 

Mean  time  at  Berlin. 

9°1  19  39-07 

336  44  30-33 

46  50  30  08 

9-9567392. 

Jan.  8-165484. 

Mean  time  at  Greenwich. 

9°120  22-l 

336  44  12-9 

46  50  39-0 

9-9567652. 

All  the  longitudes  are  referred  to  the  mean  equinox  of 
1845-0. 

The  comet  was  observed  generally  until  the  middle  of 
March,  but  it  was  seen  at  Berlin  with  the  great  refractor  until 
the  .SOth  of  the  same  month.  Its  appearance  was  that  of  a 
large  bright  nebula,  not  quite  circular,  with  a  bright  nucleus 
situated  eccentrically,  though  very  slightly  so. 

Second  Comet  qfDe  Vico. 

On  the  night  of  February  25,  1845,  another  comet  was 
found  at  Rome  by  De  Vico,  in  the  constellation  Ursa  Major. 
When  first  observed  in  this  country,  it  was  brighter  than  the 
last  comet,  of  a  circular  form,  with  a  very  fine  lucid  spot  or 
condensation  of  the  nebulous  matter  in  the  centre.  We  saw 
it  at  this  Observatory  until  April  1 7 ;  at  Cambridge  it  was  ob- 
served several  days  longer.  The  elements  have  been  deduced 
by  many  computers,  but  I  shall  only  transcribe  those  which 
depend  on  the  widest  extent  of  observation.  M.  Faye's  ex- 
cellent orbit  was  communicated  to  me  by  letter,  the  others  are 
extracted  from  Professor  Schumacher's  Astronomische  Nach- 
richten. 


Faye. 

GiJtze. 

Hind. 

T  April  21-0.3748. 

Mean  time  at  Paria. 

ir 152:^3  l"8'6 

ft    ....347    0  45-2 

i  56  23  36-3 

Loc.  7   00985330. 
Motion  direct. 

April  21-078454 

Mean  time  at  Berlin. 

l52  34  13-8 

347    6  59  3 

56  22  50  6 

0-0984859. 

April  21-03290. 

Mean  time  at  (trccnwich. 

1^2  33  14-2 

347    0  34-7 

50  24    50 

00985420. 

l*he  longitudes  are  counted  from  mean  equinox  1845*0. 

The  Great  Comet  of  June  1845.     Col  la's  Comet. 
On  tlie  2nd  of  June  M.  CoUa  detected  a  fine  comet  in  the 
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constellation  Perseus.  During  the  first  half  of  the  month  it 
was  distinctly  visible  to  the  naked  eye.  The  nucleus  was  very 
bright,  equal  to  a  star  of  the  third  magnitude,  and  a  tail  2°  in 
length  was  seen  until  moonlight  interfered.  On  June  9,  with 
a  low  power  on  Mr.  Bishop's  refractor,  the  tail  was  evidently 
bifid ;  one  well-defined  branch  extended  to  a  distance  of  about 
2^°  from  the  nucleus,  the  other  train  was  much  shorter  and 
very  ill-defined.  The  tail  was  far  brighter  on  the  preceding 
than  on  the  following  side.  In  about  a  week  from  this  time, 
a  coma  formed  round  the  nucleus,  and  the  tail  assumed  a  fan- 
like form,  somewhat  diminishing  in  length.  Prof,  Santini  ob- 
served the  comet  at  Padua  until  the  end  of  June,  but  it  was 
pot  generally  seen  after  the  20th. 

The  most  rigorous  investigation  on  the  elements  of  this 
comet  is  one  recently  published  by  M.  d' Arrest.  From  fifty- 
two  right  ascensions  and  fifty-four  declinations  he  deduced 
seven  normal  positions  between  June  7  and  17.  From  these, 
by  the  method  of  equations  of  condition  with  least  squares, 
M.  d' Arrest  computed  the  most  probable  parabolic  elements, 
and  by  a  direct  solution  of  the  equations  (a  term  depending 
on  a  small  variation  in  the  eccentricity  being  introduced),  he 
found  that  the  resulting  elements  were  hyperbolic,  with  an  ec- 
centricity =  1*0025942.  It  appears,  however,  that  the  result 
of  my  calculations  relating  to  the  comet  of  1596,  undertaken 
at  the  suggestion  of  Prof.  Schumacher,  induced  M.  d'Arrest 
to  ascertain  how  the  observations  would  be  represented  by  an 
ellipse,  with  a  period  of  249  years;  and  he  finds  elements 
agreeing  in  the  most  satisfactory  manner  with  his  normal 
places.  It  is  therefore  extremely  probable  that  the  comet  of 
1596,  observed  by  Tycho,  is  identical  with  the  great  comet  of 
June  1845. 

M.  d'Arrest's  elliptical  elements  are  as  follows: — 

T  1845.  June  571064.     Mean  time  at  Berlin. 

9r       262    2  55'9\  .,  wic-n 

^     337  48  56-1 1  ^'^^"^'i-^^^^^' 

i  48  4158-7 

sin-»e  =  (p=    81  50  22'3 
Log.  «=    1-598394. 
Motion  retrograde. 

The  details  of  my  investigation  on  the  comet  of  1596  will 
be  found  in  the  Astronomische  NachrichteJi.  The  tempestuous 
state  of  the  weather  only  permitted  Tycho  to  observe  the 
comet  on  three  days,  but  the  observations  were  made  at  \etYy 
convenient  intervals  for  the  determination  of  the  elements. 
The  copy  of  Tycho's  observations,  from  which  I  calculated  the 
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comet's  positions,  was  transcribed  from  the  originals  by  Prof. 
Schumacher:  it  differs  in  no  material  points  from  the  published 
details  in  the  Cometography  of  M.  Pingre. 

Mr.  Bishop's  Observatory,  Regent's  Park,  J.  R-  HiND. 

November  3,  1845. 


LX  V.  On  the  Elements  of  several  Comets  not  previously  com- 
■puted.     By  J.  R.  Hind,  Esq. 

IN  the  appendix  to  the  Connaissance  des  Terns  for  IS^G,  M. 
Edouard  Biot  has  given  a  translation  of  several  Chinese 
catalogues  of  comets  and  extraordinary  stars :  these  records 
have  enabled  me  to  calculate  the  elements  of  five  comets  whose 
orbits  were  previously  unknown.  From  the  nature  of  Chinese 
observations  no  great  dependence  can  be  placed  on  elements 
deduced  from  them,  nevertheless  it  is  probable  that  the  results 
will  be  sufficiently  near  in  the  generality  of  cases,  to  show 
whether  the  comets  are  identical  with  any  that  have  been  ob- 
served and  computed  in  after  times. 

Prof.  Schumacher  has  published  the  elements  of  the  comets 
in  568,  574-  and  1385,  in  his  ylstronomische  ^achrichten.  The 
orbits  of  the  comets  in  574*  and  770  are  extremely  uncertain, 
the  others  are,  perhaps,  tolerable  approximations.  1  attempted 
the  elements  of  a  comet  in  the  year  12  B.C.,  but  could  arrive 
at  no  satisfactory  conclusions,  owing  to  the  vagueness  of  the 
Chinese  description. 

In  the  present  paper  all  dates  are  given  in  the  Julian  style, 
unless  otherwise  mentioned. 

Second  Comet  qf56S. — In  the  third  year  of  the  period  Thien- 
ho,  on  day  Ki-ouei  of  the  seventh  moon  (September  3),  an  ex- 
traordinary star  was  seen  in  the  stellar  division  Fajig  (com- 
mencing at  TT  Scorpii)  and  in  the  division  Si7i  (commencing  at 
a  Scorpii)  :  it  became  gradually  larger  and  moved  towards  the 
east.  At  the  end  of  September  it  entered  the  group  of  stars 
surrounding  a  Ophiuchi  and  a  Herculis ;  it  passed  by  the  star 
on  the  right  of  Ho- hi  (y  Aciuike).  On  day  Kouei-uuci  (Sep- 
tember 27)  it  passed  over  the  Hou-koua  («, /3,  y,  SDelpluni), 
entering  llie  stellar  division  Tchi  (commencing  at  a  Pegasi) : 
it  passed  over  Li-koung  (X,  [l  Pegasi).  On  day  Jin-yn,  ninlli 
moon  (October  16),  tiie  comet  entered  the  stellar  division 
/Cof{  (commencing  at  2^Androniedu>)  and  gradually  diminished. 
On  day  Jin-su  (November  5)  it  arrived  on  the  north  of  Leon 
(determining  star  /3  Arietis)  about  1'^  and  disappeared.  It  was 
visible  during  sixty-nine  days.  M.  Biot,  in  addition  to  the 
above,  has  the  following  extract: — "June  28  (under  Eei-ti  of 
TchiUf  ))criud  Kotta/ig-ta,  second  year,  sixth  moon,  day  Jin- 
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tseu)^  a  strange  star  was  seen  to  the  east  of  the  constellation 
Ti  (commencing  at  «  Librae)."  But  it  is  to  be  observed,  that 
in  568  there  was  no  day  Jin-tseu  in  the  sixth  moon :  the  date 
given  by  M.  Biot  falls  in  the  fifth  moon.  The  next  day,  Jin- 
tseu^  answered  to  August  27  in  the  seventh  moon;  and  I  am 
strongly  inclined  to  think  that  this  is  the  date  intended,  for 
the  following  reasons: — 1st.  Ma-tuon-lin  says  the  comet  ob- 
served on  the  day  Jin-tseu  was  situated  to  the  east  of  Ti  (Li- 
bra) ;  and  this  position  agrees  very  well  with  that  which  the 
second  comet  of  568  would  have  occupied  on  that  day,  for  on 
September  3  it  was  in  Scorpio,  and  moving  in  the  order  of 
signs :  it  would  therefore  pass  through  Libra  previous  to  Sep- 
tember 3.  2nd.  The  Chinese  state  that  the  comet  was  seen 
in  all  sixty-nine  days,  and  that  it  disappeared  on  the  day  Jin- 
su  of  the  ninth  moon,  or  on  November  5 :  this  fixes  the  day 
of  its  discovery  on  August  27,  or  on  day  Ji7i-tseu  of  the  seventh 
moon,  which  is  therefore  very  probably  the  date  intended  in 
the  extract  given  above. 

The  following  is  my  parabolic  orbit  for  this  comet: — 
Perihelion  passage  568.  August  28'27.  Greenwicli  mean  time.  Jutiaji  stt/lc. 

Longitude  of  the  perihelion  on  the  orbit...  3°16  ^IXEc^^mox  of  568. 

Longitude  or  ascending  node    »y4  doj      ' 

Inclination  to  the  ecliptic 4     2 

Perihelion  distance     0-889  log.  —  9949L 

Motion  direct. 

This  comet  made  a  near  approach  to  the  earth  at  the  end 
of  September. 

The  Comet  of  57i<  was  discovered  in  the  third  year  of  the 
period  Kien-te,  second  moon,  day  Wou-ou  (April  4) :  it  was 
of  a  bluish  colour  and  appeared  to  the  south-east  of  the  con- 
stellation Auriga;  it  was  about  3°  in  length,  and  moved 
slowly  to  the  east.  On  day  Jin-tchin,  fourth  moon  (May  8), 
it  entered  into  Wen-tchang  (5,  u,  <fi  Ursae  Majoris).  On  day 
Tiug-isoei  (May  23)  the  comet  entered  the  square  of  Pe-teou 
(«,  /3,  y,  8  Ursaj  Majoris) ;  it  afterwards  left  it  and  became  gra- 
dually fainter.  The  comet  was  seen  in  all  ninety-three  days 
(M.  Biot  thinks  we  should  read  sixty-three  days).  From 
these  positions  I  have  deduced  the  following  elements,  which 
are  very  uncertain  : — 
Perihelion  passage  574.  April  7"28.  Greenwich  mean  time.  Julian  style, 

O  II 

Longitude  of  perihelion  143  39"!  t--     •  r  tw* 

Longitude  of  Lending  node  ...     128  i7|t>quinox  of  574. 

Inclination    46  3i 

Log.  perihelion  distance 9*9836. 

Motion  direct. 

Ma-tuon-lin  has  some  additional  particulars  relating  to  a 
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comet  in  this  year  (no  doubt  the  same  as  the  above).  On  day 
Y-mao  of  fourth  moon  (May  31),  it  was  on  the  confines  of 
Tse-koTig  (the  tail  of  Draco) :  it  pointed  to  Ou-ti-tso  (/SLeonis), 
and  moved  slowly  towards  the  south-east.  The  colour  was  a 
pale  red.  On  day  Kia-tse,  fifth  moon  (June  9),  it  stopped  to 
the  north  of  Chang-tai  (»,  x.  Ursae  Majoris)  and  disappeared. 

Comet  of  110. — In  the  fifth  year  of  the  period  Ta-li,  fourth 
moon,  day  Ki-ouei  (May  26),  a  comet  appeared  in  the  con- 
stellation Auriga:  it  had  a  luminous  train  30°  in  length.  On 
day  Ki-mao,  fifth  moon  (June  15),  the  comet  was  seen  in  the 
north.  On  day  Kouei-ouei  (June  19)  it  moved  towards  the 
east ;  it  approached  the  star  in  the  middle  of  Pa-ko  (S,  ^,  ^,  k, 
»  Aurigae  and  the  small  neighbouring  stars  of  Camelopardalis). 
On  day  Kouei-mao,  sixth  moon  (July  9),  it  was  at  2°  of  Sati- 
koung  (stars  in  Asterion,  under  rj  Ursae  Majoris).  On  the 
25th  of  the  same  month  it  disappeared. 
My  rough  parabolic  elements  are:  — 
Perihelion  passage  770.  June  6*6.  Greenwich  mean  time.  Julian  stifle. 

Longitude  of  perihelion    ..  Hp     j^^^^^y^O 

Longitude  of  ascending  node   ...  oUJ     ^ 

Inclination  of  the  orbit     60 

Log.  distance  in  perihelion  9*7801 

Motion  retrograde. 

These  elements  very  much  resemble  those  computed  by 
Pingre  for  a  comet  in  1299,  and,  with  the  exception  of  the 
perihelion  distance,  they  bear  considerable  analogy  to  those  of 
the  comet  which  passed  the  perihelion  in  December  1818. 

The  Comet  of  1385  was  discovered  in  China  by  the  astro- 
nomers of  the  Ming  dynasty,  on  October  23  (period  Howig- 
ivoUf  eighteenth  year,  ninth  moon,  day  Wou-yn) :  it  was  then 
on  the  borders  of  Thai-wet  (a  constellation  of  stars  in  Leo  and 
Virgo,  surrounding  /3  Leonis) ;  it  touched  /3  Virginis,  and  left 
Thai-wei  by  what  the  Chinese  termed  the  "great  gate,"  i.e. 
between  /3  and  »j  Virginis.  On  day  Y-ijeou  (October  30)  it 
entered  the  division  Y  (commencing  at  a  Crateris) :  the  tail 
was  about  10°  long.  On  day  Keng-yn  of  tenth  moon  (Nov.  4), 
the  con)et  touched  the  group  Kiun-men  (^  Hydrae,  &c.) :  the 
tail  swept  Thien-miao  (the  stars  in  Pixis  Naulica).  From  this 
description  I  have  deduced  an  orbit,  which  may  perhaps  serve 
to  recognise  the  comet  if  it  should  reappear. 
Perihelion  pusHiige  l.'i85.  Oct.  16'2G.  Greenwich  mean  time.  JtUian  dylc. 

Longitude  of  perihelion 101  ^7*1  g     j„q^  „f  ]3g5 

Longitude  of  OHcending  node...     208  31  J      ' 

Inclination  to  ecliptic 53  15 

Log.  perihelion  diiitnncc !)'888G 

Motion  rctrogrudc. 


several  Comets  not  previously  computed.  419 

The  Comet  of  l^SS  was  observed  both  in  Europe  and  China. 
In  the  eighth  year  of  the  period  Siouen-te^  eighth  (intercalary) 
moon,  day  Jin-tseti,  a  comet  was  seen  near  Thien-tsiang  (6,  j, 
xBootis):  the  tail  was  about  10°  in  length.  On  day  Ki-sse 
(October  2)  it  entered  Kouan-so  (Corona  Borealis) :  it  swept 
the  stars  8,  /a,  »,  \[/,  (^  Bootis.  On  day  Ki-mao  (October  12)  it 
was  seen  again,  .entering  the  group  of  stars  surrounding 
a  Ophiuchi  and  «  Herculis  (a  Chinese  constellation) :  it  swept 
the  star  Tsin  (x  Herculis).  The  comet  was  seen  twenty-four 
days.  The  elements  which  I  have  computed  from  this  de- 
scription, though  doubtless  very  uncertain,  have  a  striking 
similarity  to  those  of  a  comet  discovered  by  M.  Montaigne  in 
1780  and  calculated  by  Olbers.  1  place  the  two  orbits  in 
juxtaposition  for  the  sake  of  easy  comparison. 

Comet  of  14:33.  Second  Comet  of  1 780. 

Perihelion  passage.  Nov.  6-19.  Greenwich      Dec.  1*85139.   Paris  mean 
mean  time.  Julian  ttyle. 

Long,  of  perihelion    26n  Equinox  of  1433. 
Long,  oi  asc"*.  node  110  J     ^ 

Inclination    77  or  76° 

Log.  perihelion  distance  9'5166  or  g=i0*329. 
Motion  retrograde. 

It  is  extremely  desirable  that  we  should  extract  as  much  as 
possible  from  the  aimals  of  the  Chinese  astronomers ;  in  those 
cases  where  the  probable  identity  of  comets  seen  at  intervals 
of  many  hundred  years  can  be  brought  to  light  by  the  aid  of 
their  records,  we  in  some  measure  anticipate  what  would 
otherwise  be  the  work  of  centuries  to  come.  It  is  true  that 
these  bodies  can  now  be  observed  with  the  greatest  accuracy, 
and  that  the  researches  of  modern  geometers  furnish  us  with 
ready  means  of  ascertaining  the  period  of  revolution  when  the 
observations  can  be  implicitly  depended  upon;  still  the  Chinese 
records  enable  us  to  search  for  past  returns  of  a  comet,  whose 
periodicity  is  suspected,  and  thus  render  it  possible  to  carry 
back  its  history  to  a  more  remote  period  than  any  European 
observations  we  possess.  In  addition  to  those  comets  already 
computed  by  Burckhardt,  Pingre  and  myself,  M.  Biot's  ex- 
cellent memoir  exhibits  the  path  of  several  others,  perhaps  in 
sufficient  detail  to  allow  of  rough  approximations  to  their  ele- 
ments. 

Mr.  Bishop's  Observatory,  Regent's  Park,  J.  R.  HiND. 

November  3,  1845. 


time.  New  style, 

246  52 
121     1    , 
72    3  30 
«/  =  0-51528. 
Retrograde. 
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LXVI.  Observations  on  a  paper  by  Prof.  Faraday  concerning 
Electric  Conduction  and  the  Nature  of  Matter.  By  Richard 
Laming,  Esq. 

To  Richard  Taylor,  Esq. 

Sir, 
TN  February  of  last  year  a  letter  from  Professor  Faraday 

was  published  by  you,  expressing  an  opinion  that  the  im- 
material centres  of  force  of  Boscovich  *  have  a  greater  claim 
to  be  regarded  as  true  than  the  solid  atoms  of  Newton ;  and 
in  which  he  represents  his  preference  to  result  from  the  con- 
templation of  CQY\,vi\u  facts  relating  to  electrical  conduction  and 
insulation.  In  going  over  his  arguments  I  have  not  arrived 
at  the  same  conclusion,  owing  to  a  difficulty  in  admitting  an 
assumption  which  I  find  mixed  up  with  the  facts.  It  will  be 
better  to  give  Mr. Faraday's  meaning  in  his  own  words:  he  says, 
"  The  view  of  the  atomic  constitution  of  matter  which  I  think 
is  most  prevalent,  is  that  which  considers  the  atom  as  some- 
thing material  having  a  certain  volume,  upon  which  those 
powers  were  impressed  at  the  creation,  which  have  given  it, 
from  that  time  to  the  present,  the  capability  of  constituting, 
when  many  atoms  are  congregated  together  into  groups,  the 
different  substances  whose  effects  and  properties  we  observe. 
These,  though  grouped  and  held  together  by  their  powers,  do 
not  touch  eacl)  other,  but  have  intervening  space,  otherwise 
pressure  or  cold  could  not  make  a  body  contract  into  a  smaller 
bulk,  nor  heat  or  tension  make  it  larger ;  in  liquids  these 
atoms  or  particles  are  free  to  move  about  one  another,  and 
in  vapours  or  gases  they  are  also  present,  but  removed  very 
much  further  apart,  though  still  related  to  each  other  by 
their  powers If  the  view  o^  the  constitution  of  matter  al- 
ready referred  to  be  assumed  to  be  correct,  and  I  may  be 
allowed  to  speak  of  the  particles  of  matter  and  of  the  space 
between  them  as  two  different  things,  then  space  must  be 
taken  as  the  only  continuous  part,  for  the  particles  are  con- 
sidered as  separated  by  space  from  each  other."  All  this  may 
be  accepted  as  descriptive  of  matter  as  it  is  regarded  by  the 
theory  of  solidity ;  and  with  this  adujission  we  proceed  at  once 
to  tlie  nuiin  question,  namely,  to  which  of  the  two  parts  of  a 
body  does  its  electrical  conducting  property  belong;  does  it 
appertain  to  tiie  centres  of  force  themselves,  or  to  the  spaces 
which  envelope  them  ?  I  agree  with  Mr.  Faraday  that  the 
conducting  |)roperty  does  not  belong  to  space,  because  if  it 
did,  it  would  follow  that  as  all  bodies  indiscriminately  are  re- 

[•  Sec  Priestley's  "  I linlory  of  Vi»ion,"  *<c.,  iind  "Disquisitions  on  Matter 
and  }*|)irit,"  vol.  i.  p.  34,  &c.— Ed.] 
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plete  with  spaces,  so  all  bodies,  without  exception,  would  be 
conductors,  however  much  their  natures  might  otherwise 
differ.  This  conclusion  is  manifestly  inevitable,  for  to  deny 
it  would  be  to  impute  different  qualities  to  different  parts  of 
space.  Not  so  inevitable,  however,  is  the  next  conclusion 
which  I  have  to  notice  :  "Metal  is  a  conductor;  but,"  says 
Mr.  Faraday,  "  how  can  this  be  except  space  be  a  conductor? 
for  it  is  the  only  continuous  part  of  the  metal ;  space  therefore 
(holding  the  theory  of  solid  atoms)  must  be  a  conductor,  or 
else  the  metals  could  not  conduct."  That  gentleman  there- 
fore sees  no  alternative  but  in  believing  that  "  t?lie  reasoning 
ends  in  a  subversion  of  the  theory  (of  solid  atoms)  alto- 
gether." 

This  second  conclusion  would  be  as  unavoidable  as  the  pre- 
ceding one,  provided  we  knew,  as  a  fact,  that  absolute  con- 
tinuity is  necessary  to  electrical  conduction ;  Mr.  Faraday 
has  assumed  this  to  be  the  case,  but  I  am  not  aware  that  any- 
thing has  ever  been  observed  in  the  nature  of  matter  from 
which  it  can  be  inferred.  By  the  old  maxim,  that  matter  can- 
not act  'where  it  is  not,  absolute  continuity  is  made  necessary 
to  conduction  ;  but  this  maxim  is  itself  an  assumption  needing 
the  evidence  of  facts,  and  therefore  it  may  not  be  adduced  as 
a  proof  of  any  other  assumption. 

The  chief  cause  why  I  have  thought  it  necessary  thus  to 
attempt  the  vindication  of  the  theory  of  atoms  from  a  charge 
of  inconsistency,  is  because  I  think  there  is  a  way  of  looking 
at  that  theory,  by  which  the  conducting  and  insulating  pro- 
perties of  bodies  appear  more  intelligible  than  on  other  doc- 
trines ;  and  this  without  involving  any  other  assumption  (be- 
yond the  mere  existence  of  the  atoms)  than  the  hypothesis 
that  different  sorts  of  atoms  are  naturally  associated  with  u?i- 
equal  quantities  o/'  electricity.  The  degree  of  probability 
attaching  to  this  hypothesis  may  be  estimated  by  reflecting 
that  if  we  had  to  assume  its  untruthfulness,  that  is  to  say,  that 
all  atoms,  however  unlike  in  their  natures,  had  equal  quan- 
tities of  electricity  naturally  combined  with  them,  the  assump- 
tion might  be  deemed  much  more  questionable.  I  will  now 
beg  permission  to  give  an  outline  of  the  view  I  have  taken  of 
the  theory  of  atoms,  so  far  as  it  relates  to  electrical  conduction 
and  insulation ;  and  as  it  is  simple,  it  may  be  done  in  a  few 
words. 

In  his  "  Researches,"  Mr.  Faraday  has  adduced  an  expe- 
riment to  prove  that  the  quantity  of  electricity  naturally 
combined  with  matter  is  enormously  great ;  after  making  every 
allowance  for  the  difficulty  of  a  correct  estimation,  we  may 
safely  infer  the  quantity  to  be  great  enough  to  apportion  to 
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each  atom  of  matter  sufficient  electricity  to  envelope  it.  In 
the  second  place,  we  know,  by  facts,  that  the  force  by  which 
electricity  is  attracted  by  matter  is  greater  at  shorter  distances; 
from  whence  it  follows  that  the  electricity  around  an  atom  of 
matter  will  approach  to  it  as  near  as  possible,  thus  forming  a 
sphere  of  which  the  atom  is  the  centre.  Again,  by  the  theory 
of  solidity,  a  mass  of  electrical  matter,  or  electricity,  may  be 
regarded  as  composed  of  electrical  atoms,  just  as  a  mass  of 
ordinary  matter  contains  ordinary  atoms;  and  thus  the  sphere 
of  electricity  which  surrounds  an  ordinary  atom  will  consist 
of  a  number  of  electrical  atoms  arranged  in  concentric  strata. 
The  number  of  electrical  atoms  belonging  to  a  given  ordinary 
atom  may  be  assumed  to  be  such  as  to  complete  its  external 
spherical  stratum,  or,  on  the  contrary,  it  may  be  such  as  to 
leave  that  external  spherical  stratum  more  or  less  imperfect. 
Now,  in  the  former  of  these  two  cases,  where  ^he  sphere  of  elec- 
tricity has  an  unbroken  surface,  we  have  all  the  conditions  ne- 
cessary for  electrical  insulation  ;  and  in  the  latter  case,  where 
the  surface  of  the  sphere  of  electricity  is  broken,  we  have  all 
the  conditions  essential  to  electrical  conduction. 

To  explain  this  more  fully  we  may  begin  with  conductors. 
Imagine  a  line  of  ordinary  atoms,  each  of  which  tiaturallij  has 
on  the  bounding  surface  of  its  mass  of  electricity  ten  electrical 
atoms;  and  place  the  ends  of  this  line  in  connexion  with  two 
bodies  oppositely  electrified.  Thereupon  so  many  of  the 
electrical  atoms  of  the  plus  charge  as  can  find  room  will  place 
themselves  in  the  broken  electrical  stratum  of  the  first  ordi- 
nary atom  of  the  conductor;  because  when  there  a  certain 
part  of  each  electrical  atom  then  in  that  stratum,  in  the  ag- 
gregate amounting  to  ten  whole  atoms,  will  be  attracted  by 
the  said  ordinary  atom.  This  manifestly  is  required  by  the 
law  of  force,  which  is  greater  at  the  lesser  distance;  and  be- 
cause the  aggregate  of  all  the  parts  is  at  a  less  distance  than 
are  any  ten  wliole  atoms  in  the  same  stratum.  At  the  other 
end  of  the  conducting  line  tiie  negative  body  will  be  appro- 

Criating  to  itself  the  ten  superficial  electrical  atoms  naturally 
elonging  to  the  most  proximate  ordinary  atom  of  the  con- 
ductor;  because  this  atom,  in  its  turn,  can  make  an  equal 
demand  upon  the  next  in  succession,  that  one  on  its  neigh- 
bour, and  so  onward  continually  to  the  plus  end  of  the  line, 
•wit/iout  at  any  time  the  attractive  force  being  called  upon  to  act 
at  an  increased  distance.  The  first  ten  plus  atoms  being  thus 
virtually  discharged  into  the  minus  body,  a  second  similar 
number  will  then  be  transferred  in  like  manner,  and  after  that 
a  third,  and  thus  the  conducting  action  will  be  repeated  as 
many  timen  as  is  re(|uisite  to   convey  the  whole  electrical 
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charge  of  the  plus  body  into  that  which  was  equally  minus. 
According  to  this  explanation  of  electrical  conduction,  that 
phaenomenon  essentially  depends  on  the  facility  possessed  by 
an  ordinary  atom  to  receive  on  the  surface  of  its  mass  of  elec- 
tricity a  surplus  of  electrical  atoms  at  an  equal  distance  from 
the  common  centre^  as  are  already  some  of  its  own. 

In  the  case  of  insulators,  we  have  ordinary  atoms  with  per- 
fect external  spherical  strata ;  a  condition  obviously  incapable 
of  conducting  electricity,  because  no  surplus  number  of  elec- 
trical atoms,  presented  by  a  plus  body,  can  possibly  arrive  so 
near  to  the  first  ordinary  atom  of  a  line  as  are  already  its  own 
most  distant  electrical  atoms. 

It  is  not  my  intention.  Sir,  to  enlarge  here  on  this  view  of 
matter  and  of  electrical  action,  because  to  trace  the  branches 
of  the  subject  would  exceed  the  limits  that  could  be  allowed 
in  your  valuable  periodical.  I  hope  soon  to  lay  before  the 
public  my  electrical  opinions  in  a  detailed  form  ;  but,  before 
concluding  my  letter,  I  will  just  allude  to  what  appears  to  me 
to  be  an  aptitude  in  the  theory  of  atoms  to  meet  the  exi- 
gences of  electrical  excitation  and  chemical  affinity ;  which  I 
think  may  both  be  shown  to  proceed  from  one  and  the  same 
cause,  the  difference  in  result  depending  only  upon  unequal 
susceptibilities  to  locomotion.  To  have  the  most  simple  case, 
imagine  two  dissimilar  ordinary  atoms  to  be  placed  in  con- 
tiguity ;  the  atoms,  being  dissimilar,  have  unequal  quantities 
of  electricity  around  them,  forming  spheres  of  unequal  radii. 
On  the  surface  of  each  electrical  sphere  let  there  be  one  elec- 
trical atom,  necessary  to  make  up  the  complement  of  its 
mass  of  electricity.  It  is  manifest  that,  on  the  reciprocal  ap- 
proach of  the  electrical  spheres,  the  two  external  electrical 
atoms  will  place  themselves  between  them,  both  in  a  line  at 
right  angles  to  the  common  axis,  and  in  this  position  one-half 
of  each  external  electrical  atom  be  attracted  towards  each  or- 
dinary atom.  If  the  ordinary  atoms  be  now  forcibly  separated, 
both  of  the  external  electrical  atoms  will  attach  themselves 
to  the  sphere  of  least  radius;  because  the  electrical  attrac- 
tion acts  with  the  greater  force  at  the  lesser  distance,  and  be- 
cause also  an  atom  is  by  its  nature  indivisible. 

I  am,  Sir,  yours,  &c., 

Richard  Laming. 

Clicby-Ia-Garenne,  near  Paris,  Oct.  4,  1845. 
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LXVII.  On  the  Transformation  of  Elliptic  Functions.  By 
Arthur  Cayley,  Esq.^  M.A.,  F.C.P.S.,  Fellow  of  Trinity 
College,  Cambridge^\ 

IN  a  former  paper  I  gave  a  proof  of  Jacobi's  theorem,  which 
I  suggested  would  lead  to  the  resolution  of  the  very  im- 
portant problem  of  finding  the  relation  between  the  complete 
functions.  This  is  in  fact  effected  by  the  formulae  there  given, 
but  there  is  an  apparent  indeterminateness  in  them,  the  cause 
of  which  it  is  necessary  to  explain,  and  which  I  shall  now 
show  to  be  inherent  in  the  problem.  For  the  sake  of  sup- 
plying an  omission,  for  the  detection  of  which  I  am  indebted 
to  Mr.  Bronwin,  I  will  first  recapitulate  the  steps  of  the  de- 
monstration. 

If— -w,  —  yfbe  the  complete  functions  corresponding  to 
<px,  then  this  function  is  expressible  in  the  form 


\       mw  +  7iv/         I 


Let  p  be  any  prime  number,  /*,  v  integers  not  divisible  by 
P)  and  • 

The  function 

fi^'-<P^'      ^2fl"       (p4fl     •••     f{2{p-l)6) 
is  always  reducible  to  the  form 

^  \    ^  +  ±^'  +  ^  +  Ljj 

Or  f  1 X  is  an  inverse  function,  the  complete  functions  of 
hich  are  -^  «/,  -^  t/. 
u)f  V  by  the  equations ' 


which  are  -^  «/,  —  t/.     And  where  »',  m'  are  connected  with 


P 

j/at  — (a'w  +  6'u), 
P 
a,  €,  «',  &  being  any  integers  subject  to  the  conditions  that 
a,  S'  arc  <>(U1  and  a',  S  even ;  also 

•  (\itnmunicntc(l  by  the  Author. 

t  Aimlogous  to  tho  K,  K'<  of  M.  Jacobi. 
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«  §'  —  a'  §  s=  J9, 
IA,&  —  va!  =  I'pf 
fu^  —  V  a  =  /p, 

/,  V  being  any  integers  whatever.  In  fact,  to  prove  this,  we 
liave  only  to  consider  the  general  form  of  a  factor  in  the  nu- 
merator of  fi-r.     Omitting  a  constant  factor,  this  is 

('+«,»,  +  «'!.  + 2, a)    f'-=^J' 

and  it  is  to  be  shown  that  we  can  always  satisfy  the  equation 

m  w  +  w  u  4-  2  ;■  fl  =  m'  co'  +  n'  o', 

or  the  equations 

pm  +  2riA  =  m'  u{-  n'  a', 
p?i  +  2rv  =  m'S  +  n'  &; 

and  also  that  to  each  set  of  values  of  w,  n^  r,  there  is  a  unique 
set  of  values  of  w',  n',  and  vice  versa.  This  is  done  in  the 
paper  referred  to.  Moreover,  with  the  suppositions  just  made 
as  to  the  numbers  «,  ^'  being  odd  and  «',  §  even,  it  is  obvious 
that  in'  is  odd  or  even,  according  as  ;«  is,  and  w'  according  as 
n  is,  which  shows  that  we  can  likewise  satisfy 


m  -{-  —CO  +  n  -{-  —V  +  2rd  =  7n'  +  —oi'  +  n'  +  —u'; 
2  z  /  ^     ■ 

and  thus  the  denominator  of  (p,  x  is  also  reducible  to  the  re- 
quired form. 

Now  proceeding  to  the  immediate  object  of  this  paper,  a,  ^, 
«',  €',  and  consequently  w',  v'  are  to  a  certain  extent  indeter- 
minate. Let  A,  B,  A',  B'  be  a  particular  set  of  values  of  a, 
§,  «',  &,  and  O,  P  the  corresponding  values  of  w',  v'.  We 
have  evidently  A,  B'  odd  and  A',  B  even.     Also 

AB'-A'B=;j, 
;*  B'  -  V  A'  =  L'p, 
jo,  B  —  V  A  =  L^, 

0  =  — (Aco  +  Bu), 
P 

U  =  — (A'co  +  B'u). 
p 

By  eliminating  w,  v  from  these  equations  and  the  former 
system,  it  is  easy  to  obtain 

eo'  =  a  O  +  6  U, 
v'  =  a'0  +  b'Vy 
Phil.  Mag.  S.  3.  Vol.  27.  No.  182.  Dec.  1845.  2  F 
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where 

a  =  —  {aB'-  SA')y       b=  _i-(«B-gA), 
p  ^  '  p  ^  ' 

«'  =  — (a'B'-g'A'),       i'=  -  — (a'B-g'A). 
p  p  ^  ' 

The  coefficients  a,  5,  a',  U  are  integers,  as  is  obvious  from 
the  equation  /x  (a  B'  —  §  A')  —p{JJ  a  —  I  A'),  and  the  others 
analogous  to  it ;  moreover,  c,  U  are  odd  and  a',  i  are  even, 
and 

ai'  -  a'^  =  -4  (A  B'  -  A'  B)  (ag'  -  «'g) ; 

I .  ^,  aU  —  a^ b  =i  \. 

Hence  the  theorem, — "  The  general  values  *',  o'  of  the 
complete  functions  are  linearly  connected  with  the  particular 
system  of  values  O,  U  by  the  equations,  co'  =  a  O  +  6  U, 
J  =  a'  O  +  U  U,  in  which  a,  V  are  odd  integers  and  «',  b 
even  ones,  satisfying  the  condition  aV  —  a^ b  —  1." 

"With  this  relation  between  O,  U  and  w',  u',  it  is  easy  to 
show  that  the  function  <Pi  x  is  precisely  the  same,  whether  O, 
U  or  «)',  u'  be  taken  for  the  complete  functions.  In  fad,  sta- 
ting the  proposition  relatively  to  ^  x,  we  have, — "  The  inverse 
function  ^x  is  not  altered  by  the  change  of  oo,  y  into  a/,  u', 
where  to'  =  a  co  +  §  y,  y'  =  a'  co  +  §'  y,  and  «,  §,  a',  §'  satisfy  the 
conditions  that  a,  ^'  are  odd,  «',  €  even,  and  a  ^'  —  «'§  =  1." 
This  is  immediately  shown  by  writing 

m  CO  +  71  u  =  m'  ui'  -\-  Ji'  y', 
or  m  =  m'  a  +  w'a', 

n  =  m'S  +  7i'  S'. 

It  is  obvious  that  to  each  set  of  values  of  m,  n  there  is  a  unique 
set  of  values  of  m',  «',  and  vice  versd:  also  that  odd  or  even 
values  of  m,  vi'  or  w,  w'  always  correspond  to  each.  It  is,  in 
fact,  the  preceding  reasoning  applied  to  the  case  ofp  =  1. 

Hence  finally  the  theorem, — "The  only  conditions  for  de- 
termining »',  y'  are  the  equations 

«/  =  —  (utt)  +  €v)»       t/  =  —  («'  CO  -}-  €'  y), 
J)  J) 

where  a,  &  are  odd  and  a',  ^  even*  and 

aff  —  u'S  =  p,     jM.  5'  —  V  «'  =  /'/>,     /M.  §  —  V  a  =  Ipf 

I  and  /'  arbitrary  integers:    and   it  is  absolutely  indifferent 

wiiat  system  of  values  is  adopted  for  w',  y',  the  value  of  ^,.r 

is  precifiely  the  same." 

We  derive  from  the  above  the  somewhat  singular  conclu- 

sioPi  that  the  com|)lete  functions  are  not  absolutely  dctermi- 
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nate  functions  of  the  modulus;  notwithstanding  that  they  are 
given  by  the  apparently  determinate  conditions, 


pe  dx 

"  =^0    i^{l  +c2x2)(l  -e^x'-) 


In  fact  definite  integrals  are  in  many  cases  really  indeter- 
minate, and  acquire  diiferent  values  according  as  M^e  consider 
the  variable  to  pass  through  real  values,  or  through  imaginary 
ones.  Where  the  limits  are  real,  it  is  tacitly  supposed  that 
the  variable  passes  through  a  succession  of  real  values,  and 
thus  CO,  0  may  be  considered  as  completely  determined  by 
these  equations,  but  only  in  consequence  of  this  tacit  suppo- 
sition. Vi  c  and  e  are  imaginary,  there  is  absolutely  no  system 
of  values  to  be  selected  for  w,  u  in  preference  to  any  other 
system.  The  only  remaining  difficulty  is  to  show  from  the 
integral  itself,  independently  of  the  theory  of  elliptic  functions, 
that  such  integrals  contain  an  indeterminateness  of  two  arbi- 
trary integers ;  and  this  difficulty  is  equally  great  in  the  sim- 
plest cases.     Why,  a  priori^  do  the  functions 

.     ,  /»      dx  ,  fdx 

contain  a  single  indeterminate  integer  ? 

Obs.  I  am  of  course  aware,  that  in  treating  of  the  proper- 
ties of  such  products  as  IT  (  1  -\ ; ),  it  is  absolutely 

*^  \         mm  +  wo/  "^ 

necessary  to  pay  attention  to  the  relations  between  the  infi- 
nite limiting  values  o[' m  and  7i;  and  that  this  introduces  cer- 
tain exponential  factors,  to  which  no  allusion  has  been  made. 
But  these  factors  always  disappear  from  the  quotient  of  two 
such  products,  and  to  have  made  mention  of  them  would  only 
have  been  embarrassing  the  demonstration  without  necessity* 


LXVIII.  On  the  Diurtial  Changes  of'  the  Aqueous  Portion  of 
the  Atmosphere,  and  their  Effects  on  the  Barometer.  By 
Thomas  Hopkins,  Esq.^ 

I T  is  admitted  by  meteorologists,  that  the  various  quantities 
-*■  of  aqueous  vapour  which  exist  in  the  atmosphere  during 
the  diffiirent  hours  of  the  day,  contribute  to  the  production  of 

*  Communicated  by  the  Author  ;  having  been  read  at  the  Manchester 
Literary  and  Philosophical  Society,  October  7,  1845. 
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the  variable  atmospheric  pressure,  and  the  semi-diurnal  fluc- 
tuations of  the  barometer.  The  vapour  is,  at  a  certain  hour 
in  the  morning,  at  its  minimum  quantity,  from  which  it  in- 
creases during  the  day  up  to  its  maximum ;  after  that  it  de- 
clines, and  its  variable  pressure  is  exerted  on  the  mercury  of 
the  barometer,  and  affects  the  height  of  the  column.  This 
takes  place  in  a  less  or  greater  degree  in  all  latitudes,  though 
to  the  greatest  extent  near  the  equator. 

The  quantity  of  vapour  existing  in  the  atmosphere  in  each 
hour  of  the  day  is  ascertained  from  the  dew-point,  or  point  of 
condensation ;  it  having  been  found  that  each  particular 
quantity  of  vapour  diffused  through  the  air  has  its  separate 
dew-point.  The  dew-point  is  therefore  taken  as  the  measure 
of  the  quantity  of  aqueous  matter  existing  in  the  atmosphere, 
and  of  the  vapour  pressure,  at  every  period  of  time.  This 
pressure,  thus  ascertained,  being  deducted  from  the  whole  at- 
mospheric pressure,  furnishes  the  amount  of  the  gaseous 
pressure,  as  given  in  our  Meteorological  Registers  and  Tables. 

But,  is  the  dew-point  a  correct  measure  of  the  quantity  of 
aqueous  matter  that  passes  into  and  remains  in  the  atmosphere 
during  the  different  times  of  the  day  ?  On  the  answer  to  this 
question  it  depends  whether  the  hourly  vapour  and  gaseous 
pressures  on  the  barometer  are,  or  are  not,  correctly  given  in 
our  registers.  If  the  dew-point  be  a  true  measure,  then  the 
pressure  arising  from  aqueous  matter  may  be  taken  to  be  such 
as  is  stated  in  those  registers,  and  so  far  all  the  reasonings 
respecting  the  causes  of  the  diurnal  fluctuations  of  the  baro- 
meter may  be  correct ;  but  if  the  dew-point  is  a  fallacious 
measure  of  that  pressure,  then  the  alleged  facts  may  be  un- 
founded, and  the  conclusions  drawn  from  them  erroneous. 

There  is  reason  to  believe  that  in  certain  parts  of  the  world, 
and  for  considerable  periods  of  time,  the  dew-point  may  be  a 
correct  indicator  of  the  pressure  of  aqueous  matter,  but  in 
other  parts  it  may  not ;  and  in  order  that  we  may  trace  this 
difference,  in  different  times  and  places,  we  will  inquire  what 
are  the  relative  (juantities  of  vapour  that  hourly  pass  into  the 
atmosphere,  in  some  of  those  parts  from  which  we  have  been 
furnished  with  accounts,  and  endeavour  to  learn  whether 
tliosc  quantities  are  such  as  to  accord  with  the  dew-points. 

Kaemtz,  a  German  meteorologist,  in  his  Course  of  Me- 
teorology, iias  furnisiied  tables  of  the  hourly  vapour  pressure 
in  diflcrent  places,  deduced,  in  the  usual  way,  from  the  dew- 
point,  and  among  them  of  that  which  is  found  to  be  the  mean 
of  the  year  ot  Appenrade,  in  Derunark,  from  seven  in  the 
morning  to  eleven  in  the  evening.  At  seven,  the  pressure,  in 
French  measure,  in  8  millimetres  *1  lU,  from  which  it  increases 
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until  one  in  the  afternoon,  when  it  reaches  9*511.  From  this 
time  it  diminishes,  and  at  11  p.m.  is  only  7*863. 

The  same  writer  has  given  the  vapour  pressure  on  the 
coasts  of  the  Baltic,  at  Trapstow  near  the  Rya,  for  the  months 
of  July  and  August.  It  appears  that  in  those  parts  the  mini- 
mum pressure  for  July  is  1005  at  two  o'clock  in  the  morning, 
and  the  maximum  is  11  •41  at  two  o'clock  in  the  afternoon. 
For  August,  the  minimum  is  11*18  at  three  o'clock  in  the 
morning;  and  there  are  two  risings,  the  first  until  ten  o'clock, 
when  it  is  at  12*05  :  from  this  time  it  falls  till  two,  and  then 
suddenly  rises  until  three  o'clock,  from  which  time  it  falls  for 
the  rest  of  the  day.  From  these  statements  we  find  that  there 
is,  on  the  coasts  of  the  Baltic,  particularly  in  August,  in  the 
middle  of  the  day,  a  material  departure  from  a  single  rise  and 
a  single  fall  in  the  vapour  pressure. 

There  are  also  tables  for  Zurich,  and  other  places  in  its 
neighbourhood.  At  Zurich,  in  the  month  of  June,  the  mini- 
mum pressure  is  10*56  at  4  a.m.,  from  which  hour  it  rises 
until  8  A.M.  After  this  it  falls  a  little,  and  irregularly  fluc- 
tuates until  8  P.M.,  when  it  reaches  11*34,  having  fluctuated 
greatly  during  twelve  hours,  namely,  from  8  a.m.  to  8  p.m., 
and  ranged  0*78. 

In  September,  at  the  same  place,  the  minimum  was  at 
5  A.M.,  and  there  were  two  risings,  with  an  intervening  fall. 
The  first  rise  was  up  to  twelve  o'clock, — four  hours  later  than 
the  first  in  June ;  and  the  advance  above  the  minimum  was 
1*73,  making  a  greater  range  than  that  of  June  by  0*95. 
Here,  too,  the  disturbance  in  the  middle  of  the  day  is  very 
palpable.  These  parts  of  the  world  are  at  comparatively  low 
levels, — the  first  named  being  near  the  sea,  and  the  last  (at 
Zurich)  an  inland  situation,  which,  though  considerably  above 
the  sea,  is  not  on  a  mountain. 

When  these  observations  were  made  at  Zurich  in  the  month 
of  June,  others  were  made  on  the  adjoining  mountain,  called 
the  Righi,  1402  metres  above  the  Lake  of  Zurich.  On  the 
Righi,  the  minimum  pressure  was  at  5  a.m.,  an  hour  later 
than  that  on  the  plain,  being  then  6*27,  from  which  it  rose 
until  noon,  and  reached  7*54,  making  a  range  of  1*27.  From 
this  hour  the  pressure  declined  until  five  the  next  morning. 

On  the  Faulhorn,  a  mountain  in  the  same  locality,  Xut 
higher  than  the  Righi  by  870  metres,  observations  were  made 
in  September,  at  the  same  lime  as  others  were  made  at  Zu- 
rich ;  and  on  the  mountain  the  minimum  pressure  was  3*40, 
and  occurred  at  6  a.m.,  an  hour  later  than  at  Zurich.  From 
this  time  it  rose  until  three  in  the  afternoon,  when  it  reached 
5*07,  making  the  range  in  the  day  so  much  as  1*67.     It  is 
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thus  shown  that  the  range  of  vapour  pressure  was  greatest, 
not  where  the  temperature  was  the  most  raised,  and  where 
evaporation  must  have  been  the  greatest,  but  in  the  latest  and 
coolest  month,  and  on  the  highest  mountain  !  And  in  Sep- 
tember the  pressure  increased  to  the  latest  period  of  the  day, 
not  near  the  surface,  the  source  of  evaporation,  but  on  the 
high  mountain.  These  irregularities  show  that  some  cause 
was  in  operation,  which  determined  the  vapour  that  had  been 
produced  by  evaporation  from  the  surface  of  the  earth  in  tlie 
warm  and  comparatively  dry  month  of  June  to  continue  in- 
creasing at  the  low  level  up  to  eight  in  the  evening,  but  to  ac- 
cumulate only  to  a  moderate  extent,  whilst  on  the  mountain 
it  accumulated  to  a  much  greater  extent,  but  not  later  than 
until  noon.  In  the  cooler  month  of  September,  however,  the 
vapour  accumulated  to  about  an  equal  extent,  and  about  the 
same  times,  on  the  low  level  and  on  the  high  mountain,  pre- 
senting a  great  difference  between  the  action  of  the  vapour  in 
June  and  in  September.  The  absolute  pressure  of  the  va- 
pour, it  will  be  recollected,  is  greater  in  the  lower  than  in  the 
higher  strata;  but  the  increase  of  that  pressure  is  greater  in 
the  higher  part  in  the  dry  and  warm  month  of  June,  while  it 
is  only  equal  in  the  moist  and  cool  month  of  September, 
showing  that  it  was  not  merely  expansion  and  diffusion  of  the 
vapour  produced  by  evaporation  that  were  in  operation,  but 
that  some  other  cause  was  at  work,  which  made  the  vapour 
accumulate  on  the  mountain  more  than  on  the  plain  in  June, 
but  not  in  September. 

In  high  latitudes  the  pressure  of  the  vapour  is  tiie  least  in 
winter,  and  the  most  in  summer.  In  Halle,  in  Prussian 
Saxony,  for  instance,  it  is  4*509  in  January,  and  in  July 
11 '626,  almost  three  times  the  amount;  and  the  same  kind  of 
difference  between  winter  and  summer  is  found  in  other 
northern  parts.  Generally  it  may  be  said  to  be  the  least  in 
winter  and  in  cold  climates,  and  the  most  in  summer  and  in 
warm  climates. 

When  the  dew-point,  contiguous  to  the  surface  of  the 
earth,  is  the  nearest  to  the  temperature,  whicii  is,  say,  nt  four 
or  five  in  the  morning,  both  the  temi)eratnre  and  the  dew- 
point  are  the  lowest.  From  this  time  the  temperature  rises 
more  than  the  dew-point,  until  liie  former  reaches  the  highest 
point  for  liiu  day.  There  is  conse(|uently  in  the  lower  part 
of  the  atmoiiphere  an  increasing  djiierence  occurring  between 
the  temperature  and  the  dew-point  up  to  the  time  of  the  itigh- 
Mt  temperature.  Hut  tiiis  does  not  lake  place  in  the  same 
degree  in  the  higher  strata,  asi  in  them  the  dew-point  pro- 
greitively  approximates  to  the  lemperuture,  until  at  some 
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height  the  two  become  the  same.  In  the  forenoon,  therefore, 
the  lower  air  has  its  temperature  removed  progressively  fur- 
ther from  the  dew-point,  but  when  it  ascends,  it  approaches 
the  dew-point  of  the  higher  strata,  until  at  last,  at  some 
height,  condensation  takes  place  and  cloud  is  formed.  When 
this  occurs,  the  vapour  that  is  in  the  air  below  the  cloud, 
being  partially  relieved  from  incumbent  vapour  pressure, 
ascends  more  freely  from  the  lower  to  the  higher  regions, 
where  the  cloud  is  forming.  Thus  it  is  the  rise  of  tempera- 
ture near  the  surface  that  increases  evaporation  and  raises  the 
dew-point,  and  the  vapour  produced  by  this  evaporation  ex- 
pands and  forces  its  way  upwards  by  its  own  laws  of  expan- 
sion and  diffusion.  But  in  ascending  it  cools  by  expansion 
1°  for,  say,  every  500  yards,  whilst  it  has  to  pass  through  the 
gaseous  atmosphere,  a  medium  which  is  made  colder  by  its 
own  law  of  cooling,  5°  for  every  500  yards  of  elevation ; 
therefore,  as  the  vapour  ascends,  it  must  at  some  height  reach 
a  temperature  low  enough  to  condense  a  part  of  it  and  form 
cloud.  On  the  formation  of  the  cloud  taking  place,  a  part  of 
the  vapour  that  is  in  the  atmosphere  is  converted  into  globules 
of  liquid  (water),  and  the  pressure  of  this  condensed  vapour 
on  that  immediately  below  it  nearly  ceases:  for  these  globules 
of  water,  unlike  the  vapour  from  which  they  have  been 
formed,  do  not  rest  upon  or  float  in  the  vapour  atmosphere 
alone,  but  also  on  \X\e  gaseous  portion  of  the  atmosphere,  which, 
from  its  superior  quantity  and  density,  will  sustain  the  greater 
part  of  the  weight  of  this  floating  water.  The  lower  vapour, 
relieved  from  a  portion  of  that  vvhich  previously  pressed  on  it, 
expands  upwards  more  rapidly,  and  ascends  sometimes  so 
ireely  as  to  prevent  such  an  accumulation  as  shall  further 
raise  the  dew-point,  although  evaporation  continues  active 
below.  Indeed  the  pressure  from  above  may  be  so  far  re- 
moved by  cloud  formation,  and  the  ascent  of  the  vapour  be 
rendered  so  free  and  rapid  as  to  lower  the  dew-point,  as  took 
place  both  at  Zurich  and  on  the  coast  of  the  Baltic.  The 
processes  which  have  been  here  described  may  be  traced  by 
attending  at  the  same  time  to  the  dew-point  and  the  heights 
of  the  ordinary  and  the  wet-bulb  thermometers.  These  are 
exhibited  in  the  Plymouth  registers  and  diagrams,  presented 
to  the  British  Association  by  Mr.  S.  Harris. 

By  reference  to  these,  it  may  be  seen  that  at  Plymouth  the 
difference  between  the  dry  and  wet-bulb  thermometers  is,  at 
five  in  the  morning,  say  about  1°  of  Fahrenheit.  This  dif- 
ference increases  until  one  in  the  afternoon,  when  it  is,  say, 
4°;  evaporation  must  therefore  have  gone  on  with  increasing 
activity  during  this  time ;  and  at  three  o'clock,  that  is  two 
hours  after  the  time  of  highest  temperature,  the  difference 
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between  the  two  thermometers  is  greater  than  it  was  at  eleven 
o'clock,  two  hours  before  the  highest  temperature !  Evapo- 
ration must  therefore  have  been  more  energetic,  and  must 
have  continued  to  throw  into  the  atmosphere  more  vapour 
from  eleven  to  three  than  it  had  done  four  hours  earlier  ! 
Now,  if  increase  of  vapour  pressure  always  accompanied  in- 
crease of  vapour,  the  increase  of  pressure  at  Plymouth  must 
have  continued  up  to  three  o'clock  !  If  however  we  look  at 
the  curve  or  line  of  the  dew-point,  which  represents  vapour 
pressure  in  the  diagram,  we  find  that  it  did  not  rise  after 
eleven  o'clock,  but  continued  stationary  from  that  hour  until 
4  P.M.  !  It  is  therefore  apparent,  that  at  Plymouth  the  quan- 
tity of  vapour  which  by  evaporation  passed  into  the  atmo- 
sphere in  the  middle  of  the  day,  to  add  to  the  general  atmo- 
spheric pressure,  in  some  form,  was  not  indicated  by  the  dew- 
point.  And  analogy  authorises  us  to  infer,  that  in  other  parts 
of  the  world,  the  state  of  the  dew-point  during  the  same 
portion  of  the  day  does  not  express  the  quantity  of  vapour 
that  has  passed  into  the  atmosphere,  and  which  must  have 
added  to  its  general  pressure  on  the  barometer. 

In  the  Toronto  registers,  reported  to  the  British  Associa- 
tion at  York  in  1844  by  Col.  Sabine*,  the  state  of  the  wet-bulb 
thermometer  is  not  given.  But  we  may  assume  that  if  it  had 
been  given,  it  would  have  shown  the  same  features  as  those 
we  have  in  the  Plymouth  registers  and  diagrams.  In  this 
report  it  is,  however,  slated  that  Mr.  Caldecott  has  trans- 
mitted to  England  five  years  of  hourly  observations  with  the 
wet  and  dry-bulb  thermometers  at  Trevandrum,  near  Cape 
Comorin,  where  H  large  quantity  of  vapour  generally  exists 
in  the  atmosphere.  It  appears  from  these  accounts  that  the 
minimum  and  maximum  pressures  of  the  atmospheric  vapour 
are  there  found  to  occur  within  three  hours  of  each  other, — 
the  minimum  coinciding  with  the  coldest  hour,  6  a.m.,  and 
the  maximum  occurring  so  early  as  at  nine  in  the  forenoon  ! 
Now,  it  is  very  desirable  that  it  shoukl  be  ascertained  whether 
evaporation  cHd  or  ditl  not  go  on  freely  from  the  wet-bulb 
thermometer  from  six  in  the  morning,  not  only  until  nine  in 
the  morning,  but  until  two  in  the  afternoon,  the  time  of  the 
highest  temperature.  Although  the  dew-point  ceased  to  rise 
at  nine,  it  is  to  be  presumed,  reasoning  frotn  analogy,  that 
energetic  evaporation  continued  through  the  miildle  of  the 
day,  and  it  |)robably  was  (as  at  Plymouth)  more  active  be- 
tween nine  and  two  in  the  *\ayj  than  it  had  been  in  any  part 
of  the  time  between  six  and  nine  in  the  morning.  And  the 
vapour  which   was  tlnis  produced   at  Trevandrum  between 

•  'rhi%  report  wn»  initcrtcd  in  the  Febriinry  Niiiiibcr  of  this  Jouriiul  for 
the  prcKDt  year.— £o. 
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nine  and  two,  or  still  later  in  the  day,  may  have  ascended  and 
formed  cloud,  which  cloud  must  have  added  to  the  general 
weight  of  the  atmosphere.  Had  we  accounts  of  the  state  of 
the  wet  and  dry-bulb  thermometers,  and  of  the  dew-points  at 
different  heights,  there  is  little  room  to  doubt  that  we  might 
trace  the  ascent  of  the  vapour  at  Trevandrum  until  we  found 
it  collected  and  floating  in  the  atmosphere  as  a  cloud,  and  in 
that  form  adding  to  the  general  weight  of  the  atmosphere. 

Colonel  Sabine  saj's  that  the  maximum  of  vapour  pressure 
occurring  at  Trevandrum  at  9  a.m.  may  be  a  consequence 
of  the  sea-breeze  blowing  at  that  time.  I  have  however 
shown  that  the  daily  sea-breeze  is  itself  produced  by  the  di- 
urnal cloud  formation ;  the  sea-breeze  is  only  another  effect 
arising  from  the  same  cause.  The  sea-breeze  blows  towards 
the  part,  because  the  atmosphere  has  there  been  made  lighter 
than  in  adjoining  parts  by  the  heating  power  of  condensing 
vapour.  The  wind  too  that  comes  from  the  sea,  particularly 
in  the  fine  season,  when  the  diurnal  disturbance  of  the  baro- 
meter is  the  greatest,  comes  more  fully  loaded  with  vapour 
after  nine  o'clock  than  was  the  air  over  the  land  before  that 
time,  and  ought  to  increase  the  vapour  pressure  after  that 
hour,  instead  of  stopping  the  increase.  If  all  the  vapour 
that  arose  had  to  come  from  the  same  land  surface  of  the 
locality,  it  might  be  supposed  that  evaporation  could  not  con- 
tinue to  supply  an  adequate  quantity  to  raise  the  dew-point 
after  nine;  but  when  the  sea-breeze  sets  in,  a  current  of  air 
comes  from  an  extensive  sea  surface,  and  brings  with  it  the 
vapour  which  had  been  evaporated  from  that  surface,  not  only 
up  to  nine  o'clock,  but  until  ten,  twelve,  or  two  o'clock,  or 
still  later ;  the  tendency  of  the  sea-breeze  is  therefore  not  to 
reduce,  but  to  increase  the  supply  of  vapour.  It  may  also  be 
remarked,  that  whilst  the  maximum  of  vapour  pressure  is 
said  to  occur  at  Trevandrum  at  nine  o'clock,  the  sea-breeze 
does  not  set  in  at  Bombay  until  about  eleven  or  half-past  eleven. 
Supposing  both  these  places  affected  alike  by  the  sea-breeze, 
the  cause  of  the  stoppage  of  increase  of  vapour  pressure, 
whatever  that  cause  may  be,  must  have  been  in  operation  two 
hours  before  the  sea-breeze  commenced  blowing. 

Formation  of  cloud  is  a  cause  sufficiently  powerful  in  its 
operation  to  prevent  the  dew-point  rising  at  Trevandrum  after 
9  A.M.,  as  the  vapour  produced  after  that  hour  may  be  equal 
only  to  that  which  is  consumed  in  cloud  formation ;  and  we 
are  authorised  to  conclude  that  it  is  to  that  formation  we  are 
to  attribute  the  stoppage  of  the  dew-point  at  Plymouth  at 
eleven,  and  at  Trevandrum  at  nine  o'clock,  instead  of  having 
it  rising  with  the  temperature  during  the  hottest  portion  of 
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the  day  in  both  places.  And  in  the  more  northern  or  drier 
climates,  if  we  do  not  always  trace  the  same  stoppage,  it  is  to  be 
attributed  to  the  absence  of  daily  cloud  formation.  In  a  very 
dry  and  cold  climate  there  is  not  in  the  course  of  the  day  suf- 
ficient water  evaporated  to  produce  a  daily  thick  cloud,  and 
therefore  small  vapour  pressure  goes  on  increasing  with  the 
temperature  up  to  the  hottest  period.  Under  these  circum- 
stances, the  vapour  pressure,  when  exhibited  in  a  diagram, 
forms  a  regular  curve,  having  one  rise  and  one  fall  in  the 
twenty-four  hours;  but  where  much  vapour  exists,  and  much 
more  is  produced  daily,  the  dew-point  does  not  at  all  times 
indicate  the  pressure  which  results  from  evaporation,  because 
the  rise  of  the  dew-point  is  stopped  at  certain  periods,  not  by 
a  cessation  of  the  production  of  vapour,  but  through  its  as- 
cent in  the  atmosphere  and  conversion  into  a  floating  cloud. 
Boiling  water  in  the  open  air  does  not  rise  above  212°,  yet 
heat  continues  to  pass  into  it  from  the  fire  that  is  under  the 
water.  The  reason  that  the  temperature  of  the  water  does 
not  rise  higher  is,  that  as  much  heat  passes  from  the  water 
into  the  air  as  from  the  fire  into  the  water.  In  like  manner, 
evaporation  of  water  may  continue  to  throw  vapour  into  the 
air  without  the  quantity  in  the  air  increasing,  because  con- 
densation may  convert  vapour  into  water  as  fast  as  evapora- 
tion furnishes  it.  But  neither  the  fire  nor  the  vapour  is  an- 
nihilated,— the  fire  passes  into  the  atmosphere  and  the  vapour 
becomes  cloud,  and  we  may  trace  both  of  them  in  their  new 
state  of  existence,  and  mark  the  effects  they  produce. 

Taking  the  period  of  a  year,  in  all  places  the  average  daily 
march  of  the  temperature  shows  a  single  rise  from  about  six 
in  the  morning  till  one  or  two  in  the  day ;  and  evaporation, 
aij  shown  by  the  wet-bulb  thermometer,  increases  with  the  rise 
of  temperature.  If  the  whole  weight  of  the  vapour  thus  pro- 
duced were  to  be  registered  and  exhibited  in  the  form  of  a 
curve,  that  curve  would  be  the  same  in  form  as  the  curve  of 
temperature,  having  one  rise  and  one  fall.  But  in  the  actual 
curve  or  line  of  the  dew-point  there  is  frequently  founil  to  bo 
a  (all  where  there  should  be  a  rise.  At  Zurich  and  near  the 
Baltic  the  departure  from  the  regular  curve  is  considerable; 
in  Plymouth  the  line  is  level  from  eleven  to  four;  and  in 
Trevandrum,  if  a  curve  were  formed,  the  line  would  cease  to 
rise  at  nitic  o'clock,  five  hours  l)cforc  the  hottest  period  1  At 
Trevandrum  the  minimum  and  maximum  of  the  ilew-point 
occurred  within  three  hours,  whilst  on  the  Faulhorn  they 
were  nine  hours  asunder ;  at  Zurich,  in  June,  they  were  six- 
teen hours  asunder;  and  in  other  pnrts  similar  anomalies 
occur.     Tliese  irregularities  may  be  occounted  for  on  the  sup- 
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position  that  condensation  of  vapour  produces  them,  because 
that  process  is  very  irregular  in  its  action  ;  but  if  this  suppo- 
sition is  admitted  to  be  true,  it  will  follow  that  the  dew-point 
is  not  a  correct  measure  of  the  daily  addition  that  is  made  to 
the  weight  of  the  atmosphere  in  the  middle  of  the  day  by  the 
vapour  that  has  been  thrown  into  it,  and  therefore  it  does  not 
present  the  means  of  ascertaining  the  separate  gaseous  pres- 
sure. For  the  same  operation  that  keeps  down  the  tiew-point 
in  the  middle  of  the  day,  creates  cloud  that  floats  in  and  rests 
upon  the  whole  mass  of  the  atmosphere;  and  the  gaseous 
portion  of  that  atmosphere  must  then  press  on  the  surface  of 
the  earth,  not  only  with  its  own  weight,  but  with  the  addi> 
tional  weight  of  nearly  the  whole  of  the  cloud  that  is  then 
floating  in  it.  And  if  the  curve  of  gaseous  pressure,  as  com- 
monly given,  does  not  show  a  rise  resulting  irom  this  addi- 
tional pressure,  it  is  because  the  whole  atmosphere  is  at  the 
same  time  made  lighter  by  the  heat  which  has  been  liberated 
by  condensation  ol  vapour. 

LXIX.  Account  of  a  remarkable  difference  between  the  Rays 
of  Incandescent  Lime  and  those  emitted  by  an  Electric  Spark. 
By  John  W.  Draper,  M.D.,  Professor  of  Chemistry  in  the 

University  of  New  York*. 

COME  years  ago  M.  Becquerel  discovered  that  the  rays  of 
^  an  electric  spark,  if  they  were  transmitted  through  a 
screen  of  glass,  could  not  excite  the  phosphorescence  of  sul- 
phuret  of  lime. 

To  make  this  experiment,  wash  a  metallic  plate  over  with 
gum-water.  Dust  upon  it,  from  a  fine  sieve,  a  quantity  of 
Canton's  phosphorus  (oyster-shells  calcined  with  sulphur),  and 
allow  the  plate  to  dry.  An  uniform  surface  is  thus  obtained, 
suitable  for  these  purposes.  Place  before  that  surface  a  piece 
of  glass  and  a  piece  of  polished  quartz,  and  discharge  a  Ley- 
den  phial  a  few  inches  ofij  so  that  the  rays  of  its  spark  may 
fall  on  the  plate.  It  will  be  found  that  under  the  quartz  the 
phosphorus  will  shine  as  much  as  on  the  spaces  that  have  not 
been  covered ;  but  under  the  glass  it  will  remain  almost  en- 
tirely dark. 

Last  winter  I  observed  the  curious  fact,  that  when  this  ex- 
periment is  made  with  a  piece  of  lime  incandescing  on  a 
stream  of  oxygen,  directed  through  the  flame  of  a  spirit-lamp, 
the  glass,  so  far  from  being  unable  to  transmit  the  rays,  ap- 
pears to  be  as  transparent  to  them  as  quartz  or  atmospheric 
air. 

*  Communicated  by  the  Author. 
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A  screen  of  glass  is  opake  to  the  phosphoric  rays  of  an 
electric  spark,  but  is  quite  transparent  to  those  of  incandescent 
lime. 

It  might  be  supposed  that  the  very  brief  duration  of  an 
electric  spark  has  something  to  do  with  the  phaenomenon ;  but 
the  voltaic  arc  passing  between  charcoal  points  gives  the 
same  results.  I  caused  its  rays  to  impinge  on  a  plate  for 
thirty  seconds,  and  observed  the  obstructing  effect  of  glass  in 
a  very  satisfactory  manner.  That  a  certain  portion  of  the  rays 
does  pass  through,  may  be  shown  by  continuing  the  light  for 
a  few  minutes,  when  the  phosphorus  will  begin  to  shine  under 
the  glass. 

I  came  to  the  conclusion,  also,  that  the  transient  duration 
of  the  light  had  nothing  to  do  with  the  phaenomenon,  because 
the  lime  light  occasions  phosphorescence  in  glass  in  the  space 
of  a  single  second;  but  in  that  time  the  rays  from  a  voltaic 
arc  could  not  traverse  a  piece  of  glass  so  as  to  produce  a  sen- 
sible effect,  the  phosphorus  beneath  it  appearing  quite  dark ; 
and  yet  this  light  is  incomparablv  brighter  than  the  lime 

The  blue  light  which  is  emitted  when  a  platina  wire,  in 
connexion  with  one  pole  of  the  voltaic  battery,  is  brought 
down  upon  some  mercury  in  connexion  with  the  other,  and 
the  green  light  which  is  obtained  when  two  copper  wires  are 
the  medium  of  discharge,  appear  to  produce  the  same  effect 
as  charcoal  points. 

It  is  therefore  neither  the  colour  nor  the  duration  of  the 
light  that  determines  this  result.  It  seems  to  depend  on  a 
peculiarity  of  the  electric  discharge. 

Some  time  ago  I  determined  the  refrangibility  of  the  rays 
of  an  electric  spark  which  excite  phosphorescence  in  sulphuret 
of  lime;  they  are  found  at  the  violet  extremity  of  the  spec- 
trum. I  have  made  attempts  to  ascertain  the  position  of  the 
active  rays  of  incandescent  lime.  They  cannot  pass  through 
the  blue  solution  of  ammonio-sulphate  of  copper  ;  but  through 
the  red  solution  of  sulphocyanide  of  iron,  and  also  a  strong 
solution  of  bichromate  of  potash,  they  pass;  in  the  latter  case 
almost  as  copiously  as  through  atmospheric  air. 

The  phosphoric  rays  of  an  electric  spark  are  in  the  violet 
space,  but  those  of  incandescent  lime  are  at  the  other  extre- 
mity of  the  spectrum. 

An  Argand  lamp,  when  made  to  burn  very  brightly,  emits 

f)hosphoric  rays  which  traverse  glass.     As  has  been  proved 
ong  ago,  the  sun  rays  possess  the  same  property. 

Thus,  therefore,  the  rays  of  incandescent  lime,  of  an  oil 
lamp,  and  of  the  sun,  can  excite  phosphorescence  through 
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glass ;  and  differ  from  those  of  an  electric  spark,  or  galvanic 
discharge,  in  which  that  peculiarity  is  deficient. 

I  have  also  remarked  some  curious  cases  of  spectral  ap- 
pearances,— they  are  analogous  to  those  instances  to  which  I 
first  drew  public  attention  in  1840,  and  which,  at  a  later  date, 
M.  Moser  brought  before  the  British  Association.  They  are 
interesting,  as  affording  an  ocular  proof  of  "  secondary  radia- 
tion." The  following  experiments  may  serve  as  illustrations: — 

Place  a  key,  or  any  other  opake  object,  before  a  sensitive 
phosphorescent  surface,  and  having  made  that  surface  glow 
intensely,  by  a  galvanic  discharge,  between  charcoal  points, 
continued  for  two  or  three  minutes,  on  removing  the  key  an 
image  of  it  will  of  course  be  seen.  This  image  in  a  short  time 
will  disappear.  Then  shut  the  plate  in  a  dark  place,  where 
no  light  can  have  access  to  it  in  the  daytime.  It'  in  a  day  or 
two  the  surface  be  carefully  inspected,  in  the  dark,  no  trace 
of  anything  v/ill  be  visible  upon  it ;  but  if  it  be  laid  on  a  piece 
of  warm  iron,  a  spectral  image  of  the  key  is  suddenly  evolved. 

It  is  still  more  curious,  that  a  number  of  these  latent  images 
may  co-exist  on  the  same  surface.  Provide  a  phosphorescent 
surface,  on  which  the  latent  image  of  a  key,  impressed  a  day 
or  two  before  by  the  galvanic  discharge,  is  known  to  exist. 
Take  some  other  object,  as  a  metal  ring,  and  setting  it  before 
the  surface,  discharge  at  a  short  distance  a  Leyden  jar.  The 
phosphorus  shines  all  over,  save  on  those  portions  shaded  by 
the  ring;  it  exhibits  therefore  an  image  of  that  body.  This 
image  soon  fades  away,  and  totally  disappears.  Set  the  plate 
now  upon  a  piece  of  warm  iron ;  it  soon  begins  to  glow,  and 
the  image  of  the  ring  is  first  reproduced ;  and  as  it  declines 
away,  the  spectral  form  of  the  key  gradually  unfolds  itself, 
and  after  a  time  it  totally  vanishes. 

A  series  of  spectral  images  may  thus  exist  together  on  a 
phosphorescent  surface,  and  after  remaining  there  latent  for 
a  length  of  time,  they  will  come  forth  in  their  proper  order 
on  raising  the  temperature  of  the  surface. 

The  idea  that  phosphorescence  is  merely  the  light  of  elec- 
tric discharge  from  particle  to  particle  seems  to  me  wholly  in- 
compatible with  such  results. 


LXX.  On  the  Evaluation  of  the  Sums  of  Neutral  and  Periodic 
Series.  By  J.  R.  Young,  Professor  of  Mathematics  in 
Belfast  College. 

[Continued  from  p.  366.] 
IVl  ETHODS  for  the  evaluation  of  what  have  improperly 
"'-"^     been  called  neutral  series — those  series  namely  which 
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limit  the  convergent  cases  of  the  general  forms  considered 
above — were  proposed  by  Leibnitz  and  Daniel  Bernoulli: 
these  methods  have  been  the  subject  of  a  good  deal  of  contro- 
versy, which,  as  they  are  really  true,  would,  no  doubt,  have 
been  spared  if  they  had  been  based  upon  firm  mathematical 
principles.  The  considerations  offered  in  the  preceding  part 
of  this  paper  will  conduct  to  a  very  easy  and  satisfactory  proof 
of  Bernoulli's  rule. 

Let  the  terms  of  the  limiting  series  in  question  be  repre- 
sented by  /j,  ^21  ^3»  &c.  These  are  such,  that  if  we  take  the 
first  term,  the  sum  of  the  first  two,  the  sum  of  the  first  three, 
and  so  on,  we  shall  find  that,  after  a  certain  term,  the  former 
sums  will  recur;  so  that  the  several  results  always  return  in 
a  certain  definite  cycle  or  period.  Suppose  this  period  of  re- 
sults to  be 

*15  ^2»  %» ^m> 

without  stipulating  anything  as  to  the  order  in  which  these 
m  values  succeed  one  another:  let  the  sum  of  n  terms  of  the 
series  be  represented  by  S„,  and  put 

^n  "I"  ^n+l  +  *n+2  ^^  %» 

^n     '     '»  +  l   +  'n  +  2   +  •  •  •  .  ^n+7n-l   =  5,„. 

Now  whichever  of  the  individual  results,  in  the  entire  period 
of  results,  s,  or  ^^j  &c.  be  considered  to  represent,  it  is  plain 
that  n  may  be  chosen  so  as  to  render  each  of  these  equations 
untrue;  but  notwithstanding  this,  it  is  equally  plain  that  the 
sum  of  them  all  will  be  perfectly  accurate,  whatever  be  n\ 
that  is, 

•  •^''  "• — ^i^^w+i "' — ;;r"*»»+2+*" — z; — = ' » 

mm  m  m 

a  result  which  shows  that  whatever  value  we  give  to  «,  the 
left-hand  member  of  this  equation  is  a  constant  tjuanlity.  But 
if  the  series  we  are  now  discussing  be  the  limiting  case  of  a 
general  converging  series  proceetling  according  to  the  ascend- 
ing powers  of  .f,  then,  as  already  shown  in  the  preceding  part 
of  this  paper,  when  n  is  infinite,  /„  ,  i>  'n+a>  &c.  are  each  zero. 
Consequently 

S«  'i  +  '«  +  'a  +  *«»*w 
which  it  Bernoulli's  rule. 
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This  rule  cannot,  as  usually  supposed,  apply  to  series  that 
are  strictly  neutral;  that  is,  not  connected  with  more  general 
forms  by  the  principle  of  continuity :  nor  can  it  apply  even 
where  such  connexion  exists,  unless,  in  virtue  of  that  con- 
nexion, the  terms  t^+i,  ^«+2j  &c.  become  zero.  It  cannot 
apply  therefore  to  the  series 

cos X  —  cos 2x  +  cos  3x  —  cos 4>x  -\-  &c. 
when  it  passes  into 

1  -  1  +  1  -  1  +  1  -  &c., 
nor  to 

a  +  bcosx  —  ccos2x  +  acosSx  +  bcos4>x  —  ccos5x  +  &c., 
in  which  c=sa  -{■  b,  when  it  passes  into 

a  +  b'-c-{-  a  +  b  —  c+  &c. ; 
and  this  consideration  alone  is  sufficient  to  show  the  fallacy 
of  asserting  the  general  value  of  the  first  of  these  series  to 

be  -1. 

Let  us  now  examine  the  series 

h  A  cos  3  +  A^  cos  2  fl  +  A^  cos  3  5  +  ...  A"  cos  n  fl, 

2 

so  intimately  connected  with  Fourier's  integral,  and  which 
has  already  been  the  subject  of  consideration  in  Mr.  Moon's 
paper  before  adverted  to.  This  series,  as  there  shown,  or 
much  more  simply,  by  common  division,  arises  from  the  de- 
velopment of  the  fraction 

2(1  -2Acos9  +  A^) L'-J 

so  that,  taking  account  of  the  remaijider  of  the  division,  the 
general  equivalent  of  the  series  is  this  fraction  minus 

An..cos(w  +  l)fl-Acosnfl 

l-2Acos9  +  A^     ....     L^.j 

Now  confining  our  attention  to  the  continuous  values  of  A,  it 
is  obvious,  upon  the  principles  laid  down  in  the  former  part 
of  this  paper,  that  in  the  extreme  case  of  A  =  1  and  n  =  cc , 
the  fraction  [2.]  vanishes;  and  [1.]  alone  correctly  represents 
the  sum  of  the  series  in  the  limiting  case. 

It  may  be  proper  to  remark  here  that  [1.]  is  affirmed  to 
be  the  true  value  of  the  series  in  the  case  of  A  =  1,  solely  in 
consequence  of  that  case  coming  under  the  control  of  the  ge- 
neral law  of  continuity  which  governs  all  the  cases  furnished 
by  the  continuous  variation  of  A,  cos  6  being  fixed.  It  is  not 
allowable  simultaneously  with  this  continuous  variation  to  in- 
troduce considerations  connected  with  the  variation  of  cos  9: 


440  Prof.  J.  R.  Young  o«  the  Evaluation  of 

for  the  quantities  themselves,  and  all  their  changes,  are  essen- 
tially independent  of  one  another.  Each  value  of  cos  S,  as  A 
passes  through  its  changes,  gives  rise  to  a  distinct  series  of 
cases;  and  we  are  not  to  assume  the  law  of  continuity  in  pass- 
ing from  one  of  these  distinct  series  to  another,  through  the 
variation  of  cos  6:  if  we  wish  to  consider  the  continuous  re- 
sults of  this  latter  variation,  A  must  be  regarded  as  fixed. 

I  make  these  observations  in  case  it  might  be  imagined  that 
there  was  anything  anomalous  in  the  circumstance  that  [1.] 
gives  0  for  the  limiting  value  of  the  series  in  every  case  of 
cosfl,  except  the  single  case  of  cos  5  =  1,  when  the  value  is 

2(1-A)^  =  2(1-A)=  ^'  ^'^'""  ^  =  ^- 

It  thus,  I  think,  appears  that  Mr.  De  Morgan  is  not  in 
error,  as  Mr.  Moon  supposes,  in  affirming  [1.]  to  be  the 
limit  of  the  proposed  series  when  A  =  I.  The  real  error,  so 
frequently  committed  in  analysis,  consists  in  confounding 

—  +  cos  9  +  cos  2  9  +  cosSfl  +  &c.  ad  infinitum 

with  the  limit  of 

—  +  Acosfl  +  A^cos2fl  +  Access 5  -|-  &c.  ad  infinitum, 

and  calling  [1.],  when  A  =  1,  the  sum  of  the  former;  and 
this  belongs  to  the  same  class  of  errors  as  those  discussed  in 
the  preceding  part  of  this  communication.  1  reserve  a  more 
detailed  examination  of  the  influence  of  them  for  a  future  oc- 
casion. 

Poisson,  in  the  1 2th  volume  of  the  Journal  de  VEcole  Polij- 
technique.,  a  source  which  I  have  not  as  yet  been  able  to  consult, 
has,  I  believe,  entered  upon  an  examination  of  the  series  which 
form  the  subject  of  the  present  paper ;  and  I  think  he  connects 
the  extreme  case  of  each  with  the  continuous  series  of  cases 
as  1  have  here  done.  But,  from  all  that  I  can  collect  respect- 
ing his  memoir,  he  falls  into  the  errors  here  noticed,  and 
which  it  has  been  my  principal  purpose  to  point  out  and  correct, 
by  showing  the  essential  distinction  between  an  isolated  series 
and  a  series  connected  to  a  chain  of  others  by  the  bond  of 

continuity.     The  symbol  —  prevents  the  condition  implied  in 

this  connexion  from  being  obliterated  in  the  extreme  case; 
and  I  think  that  this  symbol,  together  witii  the  symbol  0  v^  — 1) 
employed  for  an  analogous  purpose  in  my  former  j)apcr,  in 
the  August  Number  of  this  Journal,  might,  with  propriety,  bo 
called  sj/mOols  of  conlinuitij.     My  disregarding  the  influence 
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of  these,  in  extreme  cases,  we  disconnect  those  cases  from  the 
others,  remove  from  them  a  condition  which  they  must  other- 
wise have  obeyed,  and  regard  them  as  isohited  and  indepen- 
dent. For  example,  the  isolated  case  of  the  general  series  dis- 
cussed above,  which  arises  from  putting  A=  1,  is 

h  cos  fl  +  cos  2  5  +  cos  3  5  +  ...  cos  //  9, 

2 

of  which  the  correct  sum  is  the  expression  [2.]  above,  for  [1.] 
vanishes,  that  is,  the  sum  is 

cos  {n  +  1 )  fl  —  cos  n  fl  _ 
2(1  —  cosfl)  ' 

and  it  is  the  error  committed  in  confounding  this  isolated  and 
independent  case  with  that  which  is  really  the  limit  of  the  ge- 
neral series,  and  therefore  under  the  control  of  the  law  of  con- 
tinuity: — it  is  this  error  (and  errors  such  as  this)  that  has  led 
to  the  additional  error  of  supposing  sin  oo  =  0  and  cos  co  =  0, 
since  it  was  found  that  the  sums  of  the  two  series,  supposed  to 
be  identical,  would  really  differ  in  the  case  of  w  =  oo ,  unless 
the  sine  and  cosine  of  an  infinite  arc  v/ere  made  equal  to  zero. 
In  some  instances  cos  oo  is  assumed  to  be  1  instead  of  0, 
an  assumption  which,  like  that  just  noticed,  seems  to  be  ne- 
cessary in  order  to  prevent  contradiction  in  the  results  of  cer- 
tain definite  integrations;  which  integrations  however  will  be 
found  to  involve  the  same  error  as  that  noticed  above  in  re- 
ference to  series;  the  error,  namely,  of  bringing  an  isolated 
expression  under  the  dominion  of  an  arbitrary  law,  and  then 
reasoning  upon  it  in  reference  to  that  law.  Although,  as  stated 
above,  it  is  not  my  present  intention  to  consider  at  any  length 
the  influence  of  this  error  upon  the  existing  theory  of  definite 
integrals,  yet  it  may  be  proper  to  adduce  an  example  of  it. 
It  is  easily  proved  that 

/**  a  /**  .  1 

/      e~"^cosxdx  = 5,         /      e~'"'sinxdx=z- =, 

»/  0  1  +  a^        •/  0  1  +  fl* 

from  which  it  certainly  follows,  though  the  inference  is  denied 
by  Mr.  Moon,  that  in  the  limit,  when  rt  =  0,  the  true  values 
of  these  integrals  are  0  and  1.  Yet  it  is  not  true,  as  Poisson 
and  his  followers  affirm,  that,  in  virtue  of  this, 

/      cos X  d .V  =s  Of  I      %\x\x  dx  ^=^\\ 

•y  0  *y  0 

inasmuch  as  these  and  the  limits  of  the  foregoing  general 
forms  are  very  different  things.  I  ventured  a  conjecture  above, 
that  Poisson  countenances  this  important  error  in  his  memoirs 
on  series  and  definite  integrals  in  the  Journal  of  the  Polytech- 
Phil.  Mag.  S.  3.  Vol.  27.  No.  182.  Dec.  IMS.  2  G 
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nic  School.  I  am  confirmed  in  this  conjecture  from  the  man- 
ner in  which  that  distinf:;uished  analyst  treats  cases  of  the  kind 
here  discussed  in  his  Theorie  de  la  Chaleiir-.  thus,  in  reference 
to  the  isolated  case  of  the  general  series  above,  when  A  =  1, 
he  says,  "  Elle  est  de  I'espece  des  series  periodiques  qui  ne 
sont  ni  convergentes  ni  divergentes,  mais  qu'on  pent  nean- 
moins  employer  en  les  considerant  comme  les  limites  de  series 
convergentes,  c'est-a-dire  en  niultipliant  leurs  termes  par  les 
puissances  ascendantes  d'une  quantite  infiniment  peu  difFer- 
ente  de  I'unite." — Theorie  de  la  Chaleur,  p.  1 19.  And  again, 
"  L'integrale  d'une  quantite  periodique  qui  s'etend  a  I'infini, 
doit  toujours  etre  consideree  comme  la  limite  d'une  autre  in- 
tegral dont  les  eleinens  decroissent  a  mesure  que  la  variable 
augniente,  et  sont  nuls  quand  la  variable  est  infinie ;  observa- 
tion sembiable  a  celle  que  nous  avons  deja  fait  relativenient 
aux  series  infinies  de  quantites  periodiques." — 76.,  p.  207. 
And  this  is  the  erroneous  principle  to  which  the  mistakes  ani- 
madverted upon  in  Mr.  Moon's  paper  are  all  to  be  traced, 
and  which  will  be  found  to  affect  the  accuracy  of  many  other 
received  results  in  the  doctrine  of  series  and  of  definite  inte- 
grals. 

It  may  perhaps  seem  that  the  principle  here  deprecated,  and 
which  consists  in  bringing  an  isolated  and  independent  case 
under  the  control  of  a  law  which  governs  a  continuous  series 
of  cases,  with  the  view  of  effecting  a  particular  purpose, — it 
may  perhaps  seem  that  this  principle  is  virtually  sanctioned  by 
myself  at  p.  363  of  the  present  paper,  where  1  give  to  the  in- 
finite exponent  in  tlie  expression  for  S  the  peculiar  form  k.  oo  ' 
— to  theexclusi(m  of  other  forms  for  infinity  that  may  appear 
to  be  equally  admissible — merely,  it  may  seem,  to  effect  a  par- 
ticular purpose.  But  it  is  not  so.  Any  form  lor  the  exponent 
in  (juestion,  other  than  ti)at  I  have  given  to  it,  would  be  erro- 
neous; as  I  shall  show  in  a  subsequent  number  of  this  Jour- 
nal, if  I  be  indulged  with  a  brief  space  for  that  purpo.se. 


LXXI.  On  the  Application  of  Voltaic  Ignition  to  Lighting 
Mines.  By  W.  U.  Giiovi:,  Esq.y  M.A.,  F.Il.S.,  Professor 
<f  Experimental  Philosophy  in  the  London  Inst i tut io7i. 

To  Richard  Phillips,  Esq.,  F.li.S.y  Sfc. 
Dear  Siii, 

IN  the  Comptcs  Ucndus  of  the  Paris  Academy  of  Sciences 
for  the  1st  and  15th  of  September  lust,  are  connnunicutions 
by  M.  Houssingault  and  M.  De  la  Rive,  on  the  employment 
uf  the  voltaic  disruptive  discharge  for  the  illumination  of  mincb. 
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M.  Boussingault  is  inclined  to  believe  that  some  of  the  acci- 
dents in  mines  have  occurred  from  draughts  or  currents  of  in- 
flammable gas,  and  not  from  the  carelessness  of  the  workmen 
in  the  use  of  the  safety-lamp,  to  which  they  are  generally  at- 
tributed ;  he  considers  that  the  voltaic  arc,  being  independent 
of  atmospheric  air  or  other  supporter  of  combustion,  in  the 
usual  sense  of  the  word,  might  be  rendered  practically  avail- 
able. M.  De  la  Rive  states  that  he  has  been  occupied  with 
the  subject,  and  proposes  a  cylinder  of  close-textured  charcoal, 
similar  to  that  of  Bunsen,  with  a  metallic  ring  or  plate  above 
it;  the  carbon  being  rendered  the  positive  terminal  of  a  vol- 
taic pile,  the  particles  transferred  from  it  to  the  disc  fall  down 
again  by  their  own  gravity,  and  a  tolerably  constant  light  is 
obtained  ;  the  vessel  containing  the  electrodes  is  hermetically 
sealed,  and  the  oxygen  being  soon  exhausted  by  the  ignited 
charcoal,  the  ignition  proceeds  in  the  residual  nitrogen.  M. 
De  la  Rive  appears,  however,  to  have  met  with  but  partial 
success,  and  says  there  are  still  many  difficulties  to  contend 
with  *. 

Four  or  five  years  ago,  soon  after  publishing  the  nitric  acid 
battery,  I  was  naturally  struck  by  the  facility  and  constancy 
with  which  the  voltaic  arc  could  be  obtained  by  that  combi- 
nation, as  compared  with  any  previous  one,  and  made  several 
attempts  to  reduce  it  to  a  practical  form  for  the  purposes  of 
illumination,  but  my  success  was  very  limited.  By  attending 
to  certain  precautions,  which  I  will  not  stop  to  describe,  I 
could  occasionally  keep  up  a  steady  voltaic  light  in  attenuated 
nitrogen  for  four  or  five  hours,  but  it  was  never  sure ;  from 
some  unseen  imperfection  in  the  charcoal,  or  other  cause,  it 
would  become  suddenly  extinct;  the  glass  also  in  which  it 
was  ignited  became  gradually  dimmed  by  a  deposition  of  con- 
densed carbon  vapour;  it  was  costly,  from  the  number  of  series, 
and  consequently  of  equivalents  of  zinc  and  acid  consumed  ; 
too  bulky  for  portable  purposes,  and  from  the  intensity  of  the 
heat,  unless  the  recipient  was  very  large,  the  collar  of  lea- 
thers and  joints,  into  which  the  wires  were  sealed  or  cemented, 
were  destroyed ;  and  when  ground  plates  were  employed, 
the  grease  was  li(juefied.  M.  De  la  Rive  does  not  state  his 
method  of  hermetically  sealing  the  vessel  he  employs  ;  this  I 
found  one  of  the  most  difficult  parts  of  the  process.  Not 
being  able  satisfactorily  to  overcome  these  difficulties,  I  aban- 
doned it  for  the  time,  and  made  some  experiments  on  another 
method  of  voltaic  illumination,  which  appeared  to  me  more 

•  A  translation  of  M,  De  la  Rive's  paper  will  be  found  at  p.  406  of  the 
present  volume. — Ed. 

2  G  2 
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applicable  to  lighting  mines ;  their  publication  was  postponed, 
and  I  had  nearly  forgotten  them,  until  reminded  by  the 
papers  above-mentioned. 

I  substituted  the  voltaic  ignition  of  a  platina  wire  for  the 
disruptive  discharge.  Any  one  who  has  seen  the  common 
lecture-table  experiment  of  igniting  a  platina  wire  by  the  vol- 
taic current  nearly  to  the  point  of  fusion,  will  have  no  doubt 
of  the  brilliancy  of  the  light  emitted  ;  although  inferior  to  that 
of  the  voltaic  arc,  yet  it  is  too  intense  for  the  naked  eye  to 
support,  and  amply  sufficient  for  the  miner  to  work  by.  My 
plan  was  then  to  ignite  a  coil  of  platinum  wire  as  near  to  the 
point  of  fusion  as  was  practicable,  in  a  closed  vessel  of  atmo- 
spheric air,  or  other  gas,  and  the  following  was  one  of  the 
apparatus  which  I  used  for  this  purpose,  and  by  the  light  of 
which  I  have  experimented  and  read  for  hours  : — A  coil  of 
platinum  wire  is  attached  to  two  copper  wires,  the  lower  parts 
of  which,  or  those  most  distant  from  the  platinum,  are  well- 
varnished;  these  are  fixed  erect  in  a  glass  of  distilled  water, 
and  another  cylindrical  glass  closed  at  the  upper  end  is  in- 
verted over  them,  so  that  its  open  mouth  rests  on  the  bottom 
of  the  former  glass;  the  projecting  ends  of  the  copper  wires 
are  connected  with  a  voltaic  battery  (two  or  three  pairs  of  the 
nitric  acid  combination),  and  the  ignited  wire  now  gives  a 
steady  light,  which  continues  without  any  alteration  or  incon- 
venience as  long  as  the  battery  continues  constant,  the  length 
of  time  being  of  course  dependent  upon  the  quantity  of  the 
electrolyte  in  the  battery  cells.  Instead  of  making  the  wires 
pass  through  water,  they  may  be  fixed  to  metallic  caps  well- 
luted  to  the  necks  of  a  glass  globe. 

The  spirals  of  the  helix  should  be  as  nearly  approximated 
as  possible,  as  each  aids  by  its  heat  that  of  its  neighbour,  or 
rather  diminishes  the  cooling  effect  of  the  gaseous  atmosphere ; 
the  wire  should  not  be  too  fine,  as  it  would  not  then  become 
fully  ignited ;  nor  too  large,  as  it  would  not  offer  sufficient  re- 
sistance, and  would  consume  too  rapidly  the  battery  consti- 
tuenls ;  for  the  same  reason,  i.  c.  increased  resistance,  it 
should  be  as  long  as  the  battery  is  capable  of  igniting  to  a  full 
incandescence. 

The  helix  form  offers  the  advantages,  that  the  cooling  effect 
being  lessened,  a  much  longer  wire  can  be  ignited  by  the  same 
battery;  by  this  increased  length  of  wire,  tiie  battery  liul  is 
ccconomiscd,  while  a  greater  light  is  afforded  ;  by  the  inn  <  nsi d 
heat,  the  resistance  is  still  further  increased,  and  the  con- 
Ktiinpliun  still  further  diminished,  so  that,  contrary  to  the 
usual  result,  the  increment  of  consumption  decreases  with  the 
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exaltation  of  effect  produced.  The  very  necessity  of  inclosing 
the  coil  in  a  glass  recipient  also  augments  the  heat,  the  light, 
and  the  resistance ;  it  I  remember  rightly,  Mr.  Faraday  first 
proposed  inclosing  wire  in  a  tube  for  the  purpose  of  being 
able  to  ignite  a  longer  portion  of  it.  Lastly,  only  two  or  three 
cells  are  required  (one  indeed  might  be  sometimes  sufficient), 
and  the  whole  apparatus  thus  becomes  portable  and  oecono- 
mical.  The  light  is  perfectly  constant,  subject  to  no  fluctua- 
tion or  interruption,  and  the  heat  is  not  so  excessive  as  to 
destroy  the  apparatus. 

As  the  effect  of  different  gases  on  radiant  heat  is  an  im- 
portant element  in  the  practical  application  of  the  above,  I 
had  commenced  some  experiments  on  this  subject,  and  the 
following  1  find  in  my  note-book  as  the  effect  of  lour  differ- 
ent gases.  A  voltameter  was  interposed  in  the  circuit  in  or- 
der to  furnish  a  better  test  of  the  amount  of  ignition  than  the 
eye,  as,  according  to  the  position  of  Davy,  that  a  wire  be- 
comes a  worse  conductor  in  proportion  to  its  increase  of  tem- 
perature, the  amount  of  gas  in  the  voltameter  should  be,  as 
indeed  in  these  experiments  it  turned  out  to  be,  in  inverse 
proportion  to  the  degree  of  ignition.  As  a  further  test,  the 
increased  volume  of  the  gas  by  expansion  was  noted,  though 
the  apparatus  was  not  constructed  for  showing  this  increase 
with  delicate  accuracy. 


Platina  wire  ignited 

by  a  given 

constant  voltaic 

battery  in 

Effects  to  the  eye. 

Voltameter 
gave  at  the 
rate  of  one 
cub.  in.  in 

Expansion 
of  volume. 

Hydrogen   

Carbonic  acid... 
Oxygen 

(  Not  visible  even  ) 
\     in  the  dark  ...  / 
i  Cherry -red     by  ) 

\     daylight    J 

("Incandescent  by\ 

\     daylight    J 

Same    

19 
21-5 

23-5 

24 
24 

35  to  43 
35  ...  43 

35  ...  45 

35  ...  45 
35  ...  45 

Nitrogen 

Atmospheric  air 

Same    

I  had  intended  to  have  carried  these  experiments  further 
with  other  gases*,  and  also  with  condensed  and  rarefied  air, 
but  was  interrupted ;  and  as  it  may  be  some  time  before  I  may 
be  able  to  renew  them,  I  think  I  cannot  do  better  than  sub- 
mit these  experiments,  with  your  permission,  to  the  readers 

*  I  have  some  doubt  whether  the  different  gases  do  not  exercise  a  spe- 
cific  action  on  the  ignited  wire,  somewhat  in  the  nature  of  catalysis;  if  a 
wire  be  brought  by  the  voltaic  current  to  a  white  heat  in  atmospheric  air, 
and  a  vessel  of  hydrogen  inverted  over  it,  the  light  is  as  suddenly  extin- 
guished as  the  flame  of  a  candle  would  be. 


-i^e        Reply  to  Sir  David  Brewster's  "  Observations 

of  the  Philosophical  Magazine,  while  the  attention  of  sci- 
entific men  is  directed  to  this  subject;  actual  practice  can 
alone  test  their  efficacy. 

I  remain,  dear  Sir,  yours  truly, 

W.  R.  Grove. 


LXXII.  Jleply  to  Sir  David  Brewster's  "  Observations  on  the 
Discovery  of  the  Composition  of  Water."  By  A  British 
Quarterly  Reviewer. 

To  Richard  Taylor,  Esq. 
Sir, 
^^^ILL  you  allow  us  space  enough  in  your  excellent  Jour- 
'  ^  nal  to  reply  to  a  strongly-worded  complaint  by  Sir 
David  Brewster,  which  appeared  in  your  Number  for  Sep- 
tember last,  against  a  passage  concerning  himself  in  the  British 
Quarterly  Review  for  August  1845?  The  passage  offensive 
to  Sir  David  is  quoted  below.  It  occurs  in  a  brief  discussion 
of  the  relative  merits  of  Watt  and  Cavendish  as  discoverers  of 
the  composition  of  water,  in  an  article  on  "  Lord  Brougham's 
Lives  of  Men  of  Letters  and  Science  who  flourished  in  the 
reign  of  George  IIL" 

"  Sir  David  Brewster  afterwards  took  up  the  subject  (Edin- 
burgh Review,  No.  142),  and  endeavoured  to  mediate  between 
the  contending  parties,  but  to  little  purpose.  For  he  chose 
to  consider  it  a  question  of  national  honour,  involving  the  rival 
claims  of  Cavendish  the  Englishman  and  Watt  the  Scotch- 
man; and  whilst  he  was  willing  to  divide  the  merit  between 
them,  assigned  to  his  countryman  the  lion's  share." 

Sir  David  declares,  in  reference  to  the  paragraph  we  have 
quoted,  that  it  contains  "very  unfounded  and  unjust  asser- 
tions;" that  our  object  was  to  injure  his  character  and  wound 
his  feelings ;  that  it  manifestly  was  "  the  reviewer's  desire  to 
infuse  into  his  statements  a  bitter  personality ;"  and  he  further 
speaks  of  our  having  occasioned  him  "  the  annoyance  of  re- 
butting the  calumnies  of  the  British  Quarterly  reviewer." 

The  special  charges  which  Sir  David  Brewster  brings 
against  us  we  shall  allude  to  immediately.  In  reference  to 
the  general  one,  of  our  remarks  having  been  pervaded  by  an 
animus  against  hin),  we  beg  to  assure  Sir  Daviil  thai  we  had 
not,  in  the  passage  he  comphiins  of,  the  remotest  intention  of 
injuring  his  character  or  wounding  his  feelings:  that  we  were 
actuated  by  no  animosity  towards  him,  and  were  guiltless  of 
tliu  ttliglitciit  dci«ire  to  vex  or  aniioy  him  by  aspersion,  calumny, 
or  iubinuation.     Sir  David  Brewster  we  know  only  as  the 
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most  distinguished  original  observer  in  natural  philosophy 
which  Great  Britain  possesses ;  and  he  is  a  philosopher  whom 
we  delight  to  honour.  As  such  we  freely  subjected  his  opi- 
nions to  criticism,  as  in  similar  circumstances  we  should  feel 
ourselves  at  liberty  to  do  again ;  but  we  shall  have  little  diffi- 
culty in  satisfying  Sir  David  himself,  that  in  so  doing,  we  did 
not  in  the  least  overstep  the  bounds  which  are  conceded  to 
impartial  reviewers. 

The  special  charges  brought  against  us  are, — 

1st.  That  we  declare  Sir  David  Brewster  to  have  been  ac- 
tuated by  unworthy  motives  in  deciding  between  the  claims  of 
Watt  and  Cavendish  as  discoverers  of  the  composition  of 
water. 

2ndly.  That  we  represent  him  as  having  preferred  Watt 
where  in  truth  he  preferred  Cavendish. 

The  first  charge  is  contained  in  the  following  statement : 
"  The  assertions  of  the  British  Quarterly  reviewer  are  equally 
offensive  with  the  language  which  conveys  them.  He  charges 
me,  by  name,  with  having  decided  a  great  scientific  question, 
interesting  to  the  whole  civilized  world,  Jrom  motives  of  na- 
tional feelings — with  sacrificing  by  a  temporising  verdict  Ca- 
vendish the  Englishman  to  Watt  the  Scotchman^  -  and,  under  the 
pretence  o^  dividing  the  merits  with  assigning  to  my  countryman 
the  lioji's  share."  The  italics  are  Sir  David  Brewster's.  In 
reply,  we  must  be  allowed  to  say,  that  we  brought  no  such 
charges  against  Sir  David  as  he  accuses  us  of  having  made. 
Our  statement  was  to  the  effect,  that  his  attempt  to  mediate 
between  the  partisans  of  Watt  and  Cavendish  was  to  a  great 
extent  unsuccessful,  because  he  made  a  national — a  Scotch- 
and-English  question,  of  the  dispute  as  to  the  discovery  of  the 
composition  of  water ;  whilst  he  assigned  the  chief  merit  to  his 
countryman  Watt.  That  he  made  a  national  question  of  it, 
Sir  David  Brewster  will  not  deny.  Here  are  his  own  words. 
We  quote  from  his  article  on  Watt,  in  the  Edinburgh  Review, 
No.  142,  p.  496  : — "  We  cannot  conclude  this  part  of  our 
subject  without  adverting  to  the  discussion  of  it  which  ema- 
nated from  the  chair  of  the  British  Association  at  Birming- 
ham. We  regret  that  such  a  meeting  should  have  become  the 
arena  of  a  controversy  involving  feelings  so  deeply  personal,  as 
well  as  national."  The  italics  are  our  own.  Here  Sir  David 
Brewster  surely  declares  that  he  considers  the  question  a  "  na- 
tional "  one.  In  what  sense  he  considers  it  such  will  appear 
from  a  further  statement;  "  Scotland  will  not  soon  forget  the 
attempt  which  was  lately  made,  by  one  of  the  Council  of  the 
British  Association,  to  rob  our  illustrious  countryman  Dr. 
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Black  of  liis  grand  discovery  of  latent  heat ;  and  it  is  an  unfor- 
tunate circumstance  that  the  President  should  have  been  spe- 
cially requested  by  the  same  Council  to  draw  up  a  discourse, 
in  which  another  of  our  countrymen  should  have  been  deprived 
of  an  honour  so  justly  due  to  him."  That  we  were  not  singu- 
lar in  drawing  the  conclusion  we  published,  will  appear  from 
the  fact  that  Mr.  Harcourt  speaks  of  the  writer  of  the  passages 
we  have  quoted  as  "a  northern  critic  who  views  this  question 
of  individual  justice  as  one  of  national  honour*."  We  are 
at  a  loss,  indeed,  to  understand  how  any  one  who  reads  the 
passages  we  have  selected,  can  differ  from  us  in  opinion,  and 
are  surprised  that  Sir  David  Brewster  should  judge  us  so 
harshly,  because  we  have  said  that  "  he  chose  to  consider  it 
a  national  question,"  which  it  seems  to  us  he  certainly  did. 

Whether  Sir  David  Brewster  acted  judiciously  in  thus  ap- 
pealing to  the  feelings  of  our  scientific  men  as  Englishmen  and 
Scotchmen,  is  a  matter  of  opinion.  We  think  that  he  acted 
unwisely  in  so  doing,  the  more  so,  that  the  great  advocate  of 
Cavendish,  viz.  Harcourt,  was  an  Englishman,  and  many  mem- 
bers of  the  Council  of  the  British  Association  were  Cavendish's 
countrymen  also,  and  could  not  but  find  something  unpleasant 
in  the  passages  which  we  have  quoted.  We  believe,  accord- 
ingly, as  we  have  implied  in  the  paragraph  to  which  Sir  David 
Brewster  objects,  that  he  greatly  injured  the  effect  of  his  state- 
ments by  his  allusions  to  nationality.  Sir  David,  however, 
need  not  attribute  to  us,  on  that  account,  any  concealed  pur- 
pose of  insinuating  against  him  a  charge  of  dishonesty,  or  par- 
tiality, in  adjudicating  between  Watt  and  Cavendish.  We 
can  only  emphatically  say,  that  we  had  no  intention  of  attri- 
buting any  such  motive  to  him. 

Sir  David  Brewster's  reply  to  the  second  point  is  as  fol- 
lows : — "  In  place  of  dividing  the  merit  of  the  discovery  be- 
tween the  Englishman  and  the  Scotchman,  and  giving  the  lion's 
share  to  my  countryman,  I  have  given  the  whole  merit  of  the 
discovery  to  Cavendish  tiie  Englishman,  and  have  reserved 
only  for  Watt  the  Scotchman  the  merit  of  the  previous  hypo- 
thesis." In  reference  to  tiiis,  we  liave  only  to  say,  that  Sir 
David,  in  rebutting  our  charge,  takes  for  granteil  that  our 
estimate  of ''  the  lion's  share  "  is  the  same  as  his  own ;  in  other 
words,  not  to  ring  the  changes  on  that  |)hrasc,  he  conceives 
that  we  are  at  one  with  him  as  to  what  the  merits  of  the  (luestion 
between  Watt  and  Cavendish  are,  wiiilst  we  have  totally  mis- 
stated his  views  regarding  them.     Accordingly,  he  is  at  a  loss 

•  Report  ortlic  Ninth  Meeting  of  tiio  Brititli  Associntion.  Postscript  to 
the  Prctidont'i  Addreti,  p.  83. 
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to  decide  whether  we  never  read  his  article,  and  are  therefore 
ignorant  of  his  opinions;  or  having  read  it,  did  not  understand 
it;  or  both  read  and  understood  it,  but  purposely  misrepre- 
sented it.  He  inclines  to  the  last  view.  We  beg  to  assuie  Sir 
David  Brewster  that  we  spent  several  days  in  studying  his 
article,  and  made  ourselves  master  of  his  views.  We  fear, 
however,  that  he  laid  down  our  review  too  speedily  on  coming 
to  the  passage  which  offended  him.  Whether  so  or  not,  if  he 
will  now  do  us  the  justice  to  peruse  it,  he  will  find  that,  hold- 
ing the  views  which  we  distinctly  stated  we  did,  we  could 
not  but  consider  Watt  as  having  received  the  "  lion's  share  " 
in  Sir  David  Brewster's  division  of  the  merit  between  him  and 
Cavendish.  In  so  doing,  however,  we  did  not  call  in  ques- 
tion the  perfect  honesty  and  sincerity  of  Sir  David's  opinions. 

According  to  Sir  David  Brewster,  "The  great  merits  of 
these  two  great  men  are  fortunately  not  in  collision.  Mr. 
Watt  will  for  ever  enjoy  the  honour  of  that  singular  sagacity 
which  presented  to  him  the  hypothesis  of  the  composition  of 
water ;  and  Cavendish  will  never  lose  the  glory  lahich  belongs 
to  him  of  having  given  that  hypothesis^  whether  he  was  cognizant 
of  it  or  not  ^  the  force  and  stability  of  truth. ^' — Edinburgh  Re- 
view, No.  142,  p.  496. 

According  to  our  view,  and  we  are  not  singular  in  holding 
it,  this  mode  of  stating  the  question  robs  Cavendish  of  halti 
and  that  the  best  half,  of  his  merit.  The  conviction  that  water 
is  a  compound  of  hydrogen  and  oxygen,  we  believe  to  have 
been  an  inference  on  the  part  both  of  Cavendish  and  of  Watt. 
The  former  inferred  it  from  his  own  experiments,  the  latter 
from  Priestley's  repetition  of  those  of  Cavendish.  For  Caven- 
dish we  claim  the  merit  both  of  making  the  necessary  experi- 
ments and  of  understanding  and  explaining  their  meaning. 
According  to  Sir  David  Brewster,  Watt  showed  what  the 
meaning  of  the  experiments  would  be,  and  Cavendish  made 
them.  To  us,  the  man  who  explains  the  nature  of  a  phaeno- 
menon  appears  much  more  praiseworthy  than  he  who  merely 
observes  it.  We  accordingly  think  that  Watt  gets  the  lion's 
share  of  merit,  if  he  be  counted  the  interpreter,  whilst  Caven- 
dish is  reputed  only  the  observer  of  the  phaenomena  in  ques- 
tion. We  did  not,  however,  cast  any  moral  censure  on  Sir 
David  Brewster  for  holding  his  view,  nor  did  we  misrepre- 
sent his  opinions.  He  accuses  us  of  mistaking  his  estimation 
of  merit,  taking  for  granted  that  we  accept /jw  standard  of  ex- 
cellence, whereas,  like  all  other  critics,  we  were  stating  our 
view  of  it  according  to  our  own  standard  of  merit,  and  what 
that  was  we  stated  distinctly. 
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In  conclusion,  we  have  only  further  to  observe,  that  Sir 
David  Brewster  has  found  ground  of  offence  in  several  phrases, 
which  we  beg  to  assure  him  were  used  most  innocently,  and 
contain  no  such  covert  insinuations  as  he  seems  to  think  are 
lurking  within  them.  The  passage  which  has  given  him  so 
much  offence  was  intended  to  express  the  following  and  no 
other  truths : — "  Sir  David  Brewster  afterwards  published  on 
the  subject,  and  tried  to  mediate  between  the  contending  par- 
ties, but  ineffectually ;  for  he  discussed  it  as  a  question  of  na- 
tional honour  affecting  the  claims  of  Cavendish  the  English- 
man and  Watt  the  Scotchman,  and  in  the  adjudication  of 
merit  he  placed  his  countryman  highest." 

We  have  not  sought  to  reply  to  the  charge  of  discourtesy 
preferred  against  us  by  Sir  David  Brewster,  for  naming  him 
as  the  author  of  an  unacknowletlged  Review  article.  We  did 
it  inconsiderately;  but  if  we  have  satisfied  Sir  David,  that  it 
was  with  no  unkindly  intention  we  referred  to  him  as  the  writer 
of  a  paper  so  notoriously  and  so  evidently  his,  we  trust  he  will 
forgive  this  transgression  of 

A  British  Quartekly  Reviewer. 
November  1,  1845. 


LXXIII.  Remarks  on  Mr.  Williamson's  experiments  regard- 
ing Ozone.     By  Prof.  C.  F.  Sch(enbein  of  Basle*. 

1  T  is  rather  amusing  to  see  the  variety  of  opinions  which 
-*-  have  been  given  out  respecting  the  nature  of  the  odori- 
ferous matter  disengaged  by  phosphorus  in  moist  atmospheric 
air.  To  some,  that  principle  is  either  nitrous  or  nitric  acid 
according  to  others,  it  must  be  considered  as  phosphorous  or 
hypophospiiorous  acid.  M.  De  la  Rive  and  Marignac  think 
it  oxygen  modified  by  the  electricity  which  they  suppose  to 
be  disengaged  during  the  chemical  action  of  phosphorus  upon 
atmospheric  air  :  oxide  of  arsenic,  or  arsenious  acid  resulting 
from  an  arseniferous  phosphorus,  was  once  mentioned  as  likely 
to  be  ozone,  and  some  went  so  far  as  to  declare  that  substance 
to  be  nothing  l)ut  organic  matter  changed  by  phos})horus 
into  ozone.  I  myself  was  inclined  for  n  time  to  consider 
ozone  as  a  constituent  part  of  nitrogen.  Mr.  Williamson f 
has  lately  augmented  liiis  list  of  opinions  by  one  which 
has  certainly  the  merit  of  being  the  most  original  of  all ; 

•  Communicated  by  the  Aiitbor, 

f  Mr.  Williumson's  puper  will  be  found  at  p.  37S  of  the  present  volume. 
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for  if  I  understand  it  correctly,  it  broadly  denies  that  any 
peculiar  substance  at  all  is  formed  during  the  action  of  phos- 
phorus upon  moist  air.  That  gentleman  asserts,  at  least,  in 
distinct  terms,  that  under  the  circumstances  mentioned  no 
matter  is  produced  which  bears  the  slightest  relation  to  that 
disengaged  at  the  positive  electrode  during  the  electrolysis  of 
water.  Mr.  Williamson  made  two  experiments,  on  the  re- 
sults of  which  he  founds  his  opinion  :  in  one  of  them  he 
passed  a  current  of  air  over  a  piece  of  phosphorus  and  con- 
veyed it  into  the  test- paste;  in  the  other  he  followed  the  same 
method,  with  the  difference,  however,  that  the  phosphorus 
employed  by  him  had  previously  been  brought  into  a  state  of 
minute  mechanical  division  by  the  means  of  asbestus.  In 
the  first  case  the  paste  was  coloured,  but  not  in  the  second ; 
and  from  those  results  he  drew  the  inference  that  the  pro- 
duction of  colour  was  due  to  the  action  of  phosphoric  acid 
and  free  oxygen  upon  the  iodide  of  potassium,  and  that  no 
ozone  was  formed  by  phosphorus.  Though  this  conclusion 
implied  the  most  direct  contradiction  to  my  own  statements, 
and  those  made  by  Marignac,  Mr.  Williamson  did  not  think 
it  worth  his  while  to  repeat  the  experiments  which  I  have  so 
circumstantially  described  in  my  little  work  On  the  Chemical 
Production  of  Ozone,  and  satisfy  himself  whether,  by  em- 
ploying another  method  of  experimenting,  he  might  not  ob- 
tain results  a  little  different  from  those  he  had  come  to.  In 
my  opinion,  common  fairness  required  him  to  do  so  before  he 
had  so  broadly  negatived  the  correctness  of  what  I  myself 
and  others  had  stated  as  well-ascertained  facts.  But  what- 
ever the  reasons  were  which  prevented  him  from  repeating 
my  experiments,  1  take  the  liberty  to  tell  him  most  distinctly, 
that  his  conclusion,  according  to  which  the  odoriferous  prin- 
ciple disengaged  by  phosphorus  from  moist  atmospheric  air 
has  nothing  to  do  with  the  ozone  developed  at  the  positive 
pole  during  the  electrolysis  of  water,  is  entirely  unfounded ; 
and  I  continue,  notwithstanding  his  results,  to  maintain  that 
the  very  same  substance  is  produced  in  the  action  of  phos- 
phorus upon  air  which  is  disengaged  either  at  the  positive 
electrode  during  the  electrolysis  of  water,  or  at  the  points  out 
of  which  electricity  happens  to  pass  into  the  atmospheric  air. 
My  reasons  for  being  so  positive  on  this  point  are  founded  on 
the  following  facts : — 

1.  Chemical  ozone  (and  I  mean  by  that  the  odoriferous 
principle  produced  by  phosphorus  placed  in  moist  atmo- 
spheric air)  destroys,  with  great  energy,  all  vegetable  colour- 
ing matters  at  common  temperatui'es. 

2.  Chemical  ozone  oxidizes  at  common  temperatures  most 
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metallic  substances  to  the  highest  degree  of  which  they  are 
capable:  even  silver  is  so  acted  upon. 

3.  Chemical  ozone  transforms  a  series  of  metallic  protoxides 
into  peroxides,  for  instance,  those  of  lead,  manganese,  cobalt, 
nickel,  silver.  *• 

4'.  Chemical  ozone,  at  common  temperature,  converts 
iodine  into  iodic  acid,  phosphorus  into  phosphoric  acid,  sul- 
phurous acid  into  sulphuric  acid,  hyponitric  acid  into  nitric 
acid. 

5.  Chemical  ozone  changes  iodide  of  potassium  into  iodate 
of  potash,  a  great  number  of  metallic  sulphurets  into  sulphates, 
for  instance,  sulphuret  of  lead  into  the  sulphate. 

6.  Chemical  ozone  destroys  instantaneously  sulphuretted, 
seleniuretted,  phosphoretted  and  ioduretted  hydrogen. 

7.  Chemical  ozone  transforms  the  yellow  prussiate  of  pot- 
ash into  the  red  one. 

8.  Chemical  ozone,  as  such,  is  insoluble  in  water. 

9.  Chemical  ozone  when  heated  to  a  certain  temperature 
is  destroyed. 

10.  Chemical  ozone  possesses  the  power  of  polarizing  ne- 
gatively gold  and  platinum. 

The  odoriferous  principle  disengaged  at  the  positive  elec- 
trode during  the  electrolysis  of  water  has,  according  to  my 
experiments,  exactly  the  same  properties ;  and  I  have  not  yet 
been  able  to  detect  the  slightest  difference  between  chemical 
and  voltaic  ozone.  Hence  I  conclude,  of  course,  that  these 
substances  are  identical.  If  Mr.  Williamson  will  take  the 
trouble  of  putting  a  piece  of  clean  phosphorus  into  a  bal- 
loon filled  with  common  air  and  containing  some  water,  in 
such  a  way  that  the  phosphorus  is  partly  immersed  in  the 
fluid  and  partly  in  contact  with  the  ambient  air,  and  leaving 
the  whole  to  itself  at  a  temperature  of  70°  to  80°  F.,  after  a  few 
hours  he  will  find  in  his  balloon  an  atmosphere  which  will 
serve  to  convince  him  of  the  correctness  ol  the  statements 
above  made.  Mr.  Williamson  will  allow  me  to  tell  him  why 
the  negative  result  of  what  he  calls  his  decisive  experiment 
proves  nothing  against  the  correctness  of  my  statements ;  and 
indeed  his  very  mode  of  experimenting  could  lead  to  no  other 
than  a  negative  result.  If  phosphorus  in  a  state  of  rather 
minute  mechanical  division  be  shaken  with  voltaic  ozone,  the 
latter  is  instantaneously  taken  up  or  destroyed,  just  as  if  it  had 
been  treated  with  iron  filings  or  any  other  readily  oxidizabic 
body.  I  need  hardly  state,  that  an  atmosphere  of  chemical 
ozone  does  not  in  the  least  differ  from  one  of  voltaic  ozone, 
I.  e.  is  destroyed  by  being  put  in  contact  with  phosphorus. 
Now  Mr.  Williamson  making  use  in  his  decisive  cxperi- 
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ment  of  phosphorus  exhibiting  a  very  large  surface,  if  com- 
pared to  the  volume  of  air  passing  at  a  time  over  that  phospho- 
rus, it  is  manifest  that  under  those  circumstances,  ozone,  imme- 
diately after  its  having  been  formed,  must  have  been  taicen  up 
again  by  the  substance  under  whose  influence  it  was  produced. 
Ozone  disappears  also,  only  a  little  more  slowly,  if  into  a 
bottle  containing  ozonized  air  a  common  piece  of  phosphorus 
is  placed,  and  that  bottle  happens  to  be  closed  air-tight.  In 
that  case  ozone  is  destroyed  and  re-formed  as  long  as  there 
are  free  oxygen,  water  or  aqueous  vapour  and  phosphorus  in 
contact  with  one  jinother.  The  last  trace  of  oxygen  being 
transformed  into  ozone,  and  nothing  left  but  nitrogen  and 
ozone,  the  latter  will  soon  be  entirely  absorbed  by  phospho- 
rus, and  the  bottle  contain  nothing  but  nitrogen  and  the  phos- 
phatic  acid. 

One  word  or  two  more,  and  1  shall  have  done.  Mr.  Wil- 
liamson,  who  is  a  beginner  in  chemistry,  will  not,  I  am  sure, 
take  it  ill,  if  I,  being  his  senior,  take  the  liberty  of  advising 
him  to  be  on  future  occasions  a  little  more  circumspect  and 
reserved  before  he  broadly  denies  the  correctness  of  state- 
ments of  others, — of  statements  which  have  been  the  result  of 
long,  laborious,  and  I  add,  of  conscientious  researches ;  of 
statements,  the  truth  or  groundlessness  of  which  can  be  so 
easily  ascertained  if  there  is  no  disinclination  to  do  so. 

Basle,  Aug.  20th,  1845. 

LXXIV.  0«  Atomic  Volume  and  Specific  Gravity. 
By  Lyon  Playfaiu,  Esq.,  Ph.D.  and  J.  P.  Joule,  Esq.^ 

Section  I. 

T^HE  discovery  of  Gay-Lussac,  that  gaseous  bodies  com- 
*■  bine  in  equal  or  in  multiple  volumes,  and  that  the  result- 
ing compounds  stand  in  a  similar  simple  relation  to  their  con- 
stituents, is  one  of  the  most  important  discoveries  ever  made 
in  physical  science.  Its  utility  has  been  diminished  by  its 
supposed  inapplicability  to  liquid  and  solid  bodies,  as  its  own 
exactitude  at  different  temperatures  is  entirely  owing  to  the 
equal  expansibility  of  the  same  volumes  of  different  gases  by 
equal  increments  of  heat. 

In  its  most  simple  form,  therefore,  it  was  a  priori  impro- 
bable that  the  law  of  Gay-Lussac  should  apply  to  the  liquid 
and  solid  forms  of  matter.  But,  as  the  larger  number  of  sub- 
stances are  either  liquid  or  solid,  and  incapable  of  passing  into 

*  Communicated  by  the  Chemical  Society;  having  been  read  May  17, 
1845. 
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the  gaseous  state,  even  at  very  high  temperatures,  the  im- 
portance of  discovering  the  hiw  which  governs  the  volumes  of 
these  forms  of  matter,  has  long  been  recognised,  and  for  some 
time  past  has  much  engaged  the  attention  of  philosopliers. 

The  first  chemist  who  drew  attention  to  this  subject  was 
Dr.  Thomson,  who  published  a  Table*,  in  the  year  1831,  of 
the  specific  volumes  of  certain  of  the  metals,  obtained  by  di- 
viding their  atomic  weights  by  their  specific  gravities.  In 
this  table  a  remarkable  coincidence  of  volume  is  observed  in 
several  of  the  metals  most  nearly  allied  in  chemical  characters. 

More  recently  the  subject  lias  been  examined  in  detail  by 
Kopp,  Schroder  and  Persoz,  whose  researches  have  thrown 
considerable  light  on  this  obscure  department  of  physics. 

Koppt  drew  attention  to  the  circumstance,  that  in  many 
cases  isomorphoiis  bodies  possess  the  same  atomic  volume, 
the  law  being  correct  when  the  isomorphism  is  strictly  accu- 
rate, but  approximating  only  when  tliis  is  not  the  case.  He 
admits  also  that  perfect  equality  of  the  volume  exists  only  at 
particular  temperatures,  on  account  of  the  unequal  expansion 
of  isomorphous  crystals. 

Schroder  J  made  the  interesting  observation,  that  the  re- 
mainder is  the  same  when  the  primitive  volume  of  the  corre- 
sponding member  of  a  series  of  analogous  compounds  is  sub- 
tracted from  them  ;  thus  AO,  BO  and  CO  leave  a  constant 
remainder  when  the  known  volumes  of  A,  B  and  C  are  sub- 
tracted respectively  from  the  known  atomic  volumes  of  the 
compounds. 

Kopp§  confirms  this  discovery  to  a  certain  extent,  belie- 
ving, however,  that  the  primitive  volumes  A,  B  and  C  must  be 
assumed  in  certain  classes  of  salts  to  be  different  when  in  com- 
bination with  O  from  their  volumes  when  isolated.  He  also 
announces  the  discovery  ||  of  a  great  regularity  in  the  physical 
properties  of  analogous  organic  compounds,  so  much  so,  that 
the  study  of  the  physical  characters  of  the  compounds  of  one 
body  enables  us  to  predicate  those  of  the  corresponding  com- 
pounds of  another  substance. 

The  discoveries  of  Schroder  and  Ko})p,  with  regard  to 
the  atomic  volumes  of  liquid  and  solid  bodies,  do  not,  except 
in  a  very  few  instances,  indicate  an  approach  to  u  simple  uiul  • 
tiple  ratio  of  volumes,  and  arc  therefore  only  in  a  small  dc- 

•  Chemutry  of  Inorganic  Budiei,  vol.  i.  p.  14. 

1"  I*oggendorff't  Annalcn,  vol.  xlvii.;  and  Annnlcu  ilrr  i  /i<  nnr,  vul.  xxxvi. 
p.  I. 

I  PoggendorfTd  .-fnnalen,  vol.  1.  p.  .W4. 

\  Utoer  dot  Specijiiche  Gcw'wht  dcr  C/icmiic/icn  Verbindungen.  Frank- 
fort, 1841. 

II  AnnaUn  der  Chemie,  vol.  xli.  p.  ^9. 
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gree  connected  with  the  law  of  gaseous  volume.  We  there- 
fore thought  it  desirable  to  enter  into  a  series  of  inquiries  on 
this  most  important  subject,  and  we  have  now  the  honour  to 
lay  before  the  Society  the  First  Part  of  these  researches. 

Hitherto  the  inquiry  has  been  principally  confined  to  solid 
bodies,  on  the  just  ground  that  their  diminished  rate  of  ex- 
pansion offers  less  difficulty  to  the  discovery  of  the  law  regu- 
lating volumes.  But  there  is  an  objection  to  the  use  of  so- 
lids, which  to  a  certain  extent  counterbalances  this  advantage, 
viz.  that  they  do  not  present  matter  in  a  perfectly  uniform 
condition,  free  from.cohesion.  On  consideration,  therefore,  we 
were  led  to  believe  this  objection  to  be  so  powerful,  that  we 
conceived  it  to  be  preferable,  so  to  separate  the  particles  of 
the  body  under  examination,  as  to  destroy  their  cohesion, 
without  at  the  same  time  altering  their  chemical  properties. 
Solution  in  water  was  the  obvious  means  of  effecting  this 
purpose,  according  to  the  notions  generally  entertained  of  so- 
lution, and  it  was  therefore  resolved  to  experiment  princi- 
pally upon  soluble  bodies  of  well-known  and  defined  constitu- 
tion. At  the  same  time,  it  was  necessary  to  examine  the  re- 
lation of  the  solid  volume  to  the  volume  of  the  body  when  in 
solution,  so  as  to  indicate  the  connection  between  the  solid 
and  the  liquid  atom. 

The  specific  gravities  of  salts  are  little  known,  and  even 
when  recorded  are  described  so  differently  by  different  ob- 
servers, that  it  was  necessary  to  determine  the  specific  gravity 
in  each  of  the  cases  upon  which  the  experiments  were  insti- 
tuted. Hitherto  the  volumes  of  solids  had  always  been  re- 
ferred to  an  equal  volume  of  water;  in  other  words,  the  solid 
form  of  matter  had  been  referre<l  to  its  liquid  form.  This  dif- 
ference of  conditions  was  no  small  impediment  to  the  discovery 
of  a  law  which  might  be  modified  for  each  form  of  matter*. 
By  determining  the  volume  of  the  substance  in  solution,  we 
compared  it  in  its  liquid  state  to  the  liquid  form  of  matter  in 
which  it  was  dissolved;  and  by  contrasting  the  volume  of  the 
solids  with  each  other,  and  also  with  their  volume  when  ren- 

*  Before  leaving  the  notice  of  the  labours  of  those  who  have  preceded 
us  in  inquiring  into  the  nature  of  specific  gravity,  we  must  not  omit  to  no- 
tice the  speculations  of  the  ingenious  i'ersoz,  who  (in  vol.  xl.  of  the 
Ann.  de  Ch.  et  de  I'hys.^  p.  119)  drew  attention  to  the  equality  in  volume 
of  isoniorphous  bodies,  and  even  of  some  which  were  not  isomorphous. 
Persoz  also  believes  that  the  volumes  of  all  bodies  are  multiples  of  56,  or 
half  the  atomic  weight  of  water;  but  this  idea  does  not  agree  with  recorded 
observations,  and  is  directly  contradicted  by  accurate  estimations  of  spe- 
cific gravities. — See  the  work  of  M.  Persoz,  Introduction  a  P Etude  de  la 
Chimic  Moleculaire,  page  834  et  seq. 
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dered  liquid  by  water,  we  conceived  that  we  might  be  placed 
in  more  favourable  conditions  for  elucidating  a  law. 

Bishop  Watson*  was  the  first  chemist  who  endeavoured 
to  estimate  the  increase  of  volume  when  salts  dissolve  in  water; 
for,  although  both  Gassendusf  and  the  Abbe  NolletJ  had 
written,  and  Ellis§  had  experimented  upon  the  same  subject, 
they  had  arrived  at  conclusions  entirely  erroneous,  which  were 
removed  by  Watson's  more  accurate  experiments.  Watson's 
apparatus  was  rude  enough,  being  a  matrass  capable  of  hold- 
ing 67  ounces  of  water,  into  which  he  projected  24  penny- 
weights of  each  of  the  salts  upon  which  he  experimented,  and 
noted  the  rise  in  the  neck  of  the  matrass.  He  completely  ex- 
ploded, however,  the  idea  that  saline  substances  dissolve  in 
water  without  increasing  its  bulk. 

Between  the  time  of  Bishop  Watson,  whose  investigations 
on  this  subject  are  most  profound,  when  we  consider  the 
period  at  which  he  wrote,  and  that  of  Dalton,  there  were  no 
labourers  in  this  field  to  whom  we  need  draw  especial  atten- 
tion. In  the  year  1840,  Dalton  ||  made  the  interesting  dis- 
covery, that  sugar  and  certain  salts  on  being  dissolved  in 
water  increase  its  bulk  only  by  the  amount  of  water  pre-exist- 
ing in  them.  He  generalized  this  observation  by  assert- 
ing that  all  hydrated  salts  dissolve  in  water,  increasing  its  bulk 
merely  by  their  amount  of  water  of  hydratiori,  while  anhy- 
drous salts  do  not  at  all  increase  the  bulk  of  the  water  in 
which  they  are  dissolved. 

But  it  must  not  be  forgotten,  that  when  Dalton  published 
this  paper,  he  was  much  enfeebled  by  illness,  and  on  this 
account  it  does  not  derogate  from  the  acuteness  of  the  phi- 
losopher, that  Mr.  Holker  was  unable  to  confirm  Dalton's 
results  in  repeating  the  experiments  in  1843**.  He  did  so, 
however,  in  the  case  of  sulphate  of  magnesia,  and  approxi- 
matively  in  that  of  one  or  two  other  salts.  As  Mr.  Holker's 
paper  has  not  been  published,  we  are  unable  to  state  his  claims 
in  the  progress  of  this  subject ;  but  we  believe  that  an  attempt 
was  made  to  show  a  multiple  relation  in  the  increments  of 
isomorphous  salts,  although  his  experiments  were  conducted 

•  Philosophical  Trunsactions,  1770. 

f  Ga*$.  I'hys.  lib.  i.  sect.  1.  cap.  3. 

X  Lccotu  de  Phi/tii]uc,\o\.  iv.  §  Rcrlin  Memoirs,  17.')0. 

II  "  On  the  qtinntity  of  Acids,  Bases  and  Waters  in  SaltK,  and  a  new  mode 
of  meaiuring  them,"  rend  lo  the  Moncliestcr  liitcr.ary  nnd  Pliilotiophical 
SoctetV,  6th  Octol)cr  1K40,  and  piihlishcd  as  a  namplilct. 

••  f*Mi»cr  read  to  the  Manchester  Literary  and  IMiilosophical  Society,  bnt 
not  publinhcd.  [The  l)"!)^"  here  referred  to  will  be  found  at  p.  207  "f  the 
present  volume  of  this  Journal. — Uu.J 
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without  reference  to  the  density  or  temperature  of  the  solu- 
tion on  which  he  operated. 

In  the  experiments  about  to  be  described, 
the  apparatus  for  estimating  the  volume  of 
bodies  when  dissolved,  consisted  of  a  glass 
bulb,  to  which  a  stem  was  attached.  The 
bulbs  varied  in  capacity  from  1000  to  4000 
grains  of  water,  and  the  diameter  of  the  stem 
was  from  one-eighth  to  one- sixteenth  of  an 
inch,  according  to  the  character  of  the  ex- 
periment. In  the  bulbs  employed  for  ordi- 
nary purposes,  each  grain  of  water  occupied 
about  a  quarter  of  an  inch  in  the  stem,  and 
as  the  graduation  was  made  in  grains  of  water 
at  60°,  the  experiment  could  be  made  to  the 
tenth  of  a  grain  of  increase  in  volume.  In 
every  case  care  was  taken  that  the  salts  used 
were  rigidly  pure,  and  in  their  proper  state 
of  hydration.  The  distilled  water  employed 
to  dissolve  them  was  deprived  of  air  by  long- 
continued  boiling,  and  preserved  for  use  in 
stoppered  bottles.  The  salt  was  introduced 
by  a  tubulure  in  the  side  of  the  bulb  in  the 
following  manner.  The  bulb  was  filled  with 
water  until  it  reached  a  fixed  point  in  the 
stem,  when  it  was  reclined  and  the  stopper 
removed.  A  weighed  quantity  of  salt  was 
then  introduced  by  a  dry  funnel,  and  the 
stopper  re-inserted,  care  being  taken  that  no 
air  was  admitted  during  the  operation ;  the 
increase  in  the  stem,  after  the  salt  was  dis- 
solved, gave  the  volume  of  the  quantity  of 
salt  used  in  the  experiment.  It  was  found  by 

a  repeated  trials  that  no  loss  of  volume  or  error 
was  occasioned  by  the  moistening  of  the  tube 
during  the  time  it  was  in  the  reclining  pos- 
ture, for  the  precaution  was  always  taken  to 
moisten  the  walls  of  the  tube  previous  to  the 
experiment.  It  is  evident  that  the  volume  occupied  by  a  salt 
in  solution  must  be  modified  by  the  position  of  the  point  of  its 
maximum  density.  Despretz  has  shown*  that  the  tempera- 
ture at  which  solutions  are  most  dense  becomes  lower  in  pro- 
portion to  the  quantity  of  matter  held  in  solution.  It  is  also 
known,  from  the  experiments  of  Dalton  and  others,  that  from 
the  point  of  maximum  density  to  about  30°  above  or  below  it, 
*  Annales  de  Chimie,  vol.  Ixx.  1839,  p.  81. 
Phil  Mag.  S.  3.  Vol.  27.  No.  182.  Dec.  1845.  2  H 
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water  and  dilute  solutions  expand  according  to  the  square  of 
the  temperature  from  that  of  greatest  density.  From  Des- 
pretz's  table  of  the  expansion  of  water,  it  appears  that  the 
law  is  not  true  as  far  as  212^.  As  far  however  as  it  does  hold 
good,  it  is  evident,  from  the  properties  of  the  parabola,  that 
the  volume  occupied  by  a  salt  in  solution  will  increase  in  arith- 
metical progression  with  the  temperature  at  which  the  experi- 
ment is  made. 

For  instance,  let  a  am  the  following  diagram  be  a  parabola 
representing  the  expansion  of  water,  and  let  bb  he  a.  similar 
parabola  representing  the  expansion  of  a  solution.  Let  the 
latter  parabola  have  its  vertex  or  point  of  greatest  density 
opposite  30°,  while  the  former  parabola  has  its  vertex  at  40°; 
then  XX,  a?  xf,  a^'  of',  &c.,  quantities  which  increase  in  arith- 
metical progression,  will  represent  the  volumes  occupied  by 
the  salt  in  solution  at  the  temperature  of  10°,  20°,  30°,  &c. 


In  a  similar  manner  it  may  be  shown  that  the  volume  occu- 
pied by  each  C(]uivalent  of  u  salt  in  solution  at  any  given  tem- 
perature will  increase  with  the  density  of  the  solutioh.  In 
order  to  ascertain  the  amount  of  influence  exercised  by  a 
change  in  the  position  of  the  point  of  maximum  density,  we 
have  made  a  sericit  of  experimcMits  on  the  expansion  of  water 
and  of  solutions  by  heat,  which  wc  propose  to  lay  before  the 
Society  in  a  succeeding  memoir.  In  order,  however,  to  render 
evident  the  augmeiUulion  of  volume  caused  by  increased  den- 
iity,  we  have  constructed  the  following  table  <>!'  the  volumes 
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occupied  by  172  grains,  or  one  equivalent  of  sugar,  in  solu- 
tions of  different  degrees  of  density. 

Table  I. 


Ratio  of  the  quantity  of  sugar  to 

the  quantity  of  water 

in  which  it  was  dissolved. 

Temperature. 

Volume  in 

grain  measures 

of  water. 

1  :  120 

1  :  10 
1  :  1 
:?:  1 

o 

60 
52 
52 
52 

9900 
105-09 
10701 
10806 

As  the  rate  of  expansion  of  dilute  solutions  is  so  near  that 
of  water,  it  was  in  most  cases  sufficient,  for  a  very  close  ap- 
proximation to  absolute  accuracy,  to  take  the  observation 
within  a  few  degrees  below  60°,  the  temperature  of  the  gra- 
duation of  our  volumenometers.  Whether  this  temperature  of 
graduation  is  the  best  to  adopt,  is  a  point  which  we  shall  have 
to  discuss  in  our  future  communications ;  but  at  present  it 
may  be  sufficient  to  state  that  its  convenience  was  considerable, 
as  being  the  average  temperature  of  our  laboratories.  In  all 
cases,  then,  in  the  following  experiments,  unless  where  it  is 
otherwise  stated,  the  temperature  of  the  solution  was  about 
60°,  which  was  also,  of  course,  the  temperature  of  the  water 
before  the  salt  was  introduced.  In  the  case  of  the  sulphates 
of  the  magnesian  class  of  metals,  the  temperature  chosen  was 
higher  than  60°,  in  order  to  make  up  for  a  diminished  rate 
of  expansion,  owing  to  a  greater  degree  of  dilution  in  the 
solution. 

The  specific  gravity  of  the  salts  was  determined  in  an  equally 
simple  manner.  A  saturated  solution  of  the  salt  about  to  be 
experimented  upon  (made  by  dissolving  an  excess  of  the  salt 
by  heat  and  allowing  the  solution  to  cool)  was  placed  in  the 
apparatus  already  described,  and  a  weighed  portion  of  the 
salt  was  then  introduced,  care  being  taken  that  the  tempera- 
ture did  not  vary  during  the  experiment.  As  the  new  por- 
tion of  salt  could  not  dissolve,  the  increase  in  the  stem  indi- 
cated the  volume  due  to  the  quantity  of  salt  introduced,  and 
afforded  data  for  calculating  the  specific  gravity.  In  many 
cases  oil  of  turpentine  was  used  instead  of  the  saline  solution. 

It  was  frequently  desirable,  especially  in  the  case  of  hydrated 
salts  rendered  anhydrous,  to  avoid  the  use  of  water,  and  in 
the  c.ise  of  organic  compounds,  also  of  turpentine;  and  to 
meet  such  cases  we  constructed  the  following  simple  appa- 
ratus, which  we  believe  to  possess  various  advantages. 

2H2 
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A  is  the  receiver  of  an  air-pump, 
furnished  at  the  top  with  a  collar  and 
sliding  rod.    B  C  is  a  small  graduated 
tube  filled  with  the  substance,  the  vo- 
lume of  which  is  to  be  determined ;  it 
is  closed  with  a  stopper  E,  perforated 
with  a  hole  of  dimensions  so  small  as 
to  prevent  any  of  the  salt  from  falling 
out.     D  is  a  cup  of  mercury  placed 
immediately  below  the  graduated  tube 
C.    The  sketch  indicates  the  position 
of  the  apparatus  on  an  air-pump  when 
the  experiment  is  about  to  be  perform- 
ed.   The  receiver  is  then  exhausted  as 
thoroughly  as  possible,  and  the  indi- 
cation of  the  siphon-gauge  is  accu- 
rately noted.      The  graduated  tube 
is  then  lowered  by  means  of  the  sli- 
ding rod  until  it  touches  the  bottom 
of  the  cup  containing  the   mercury, 
which,  after  the  admission  of  air,  flows  into  the  tube  until  it 
is  filled.     The  whole  contents  of  the  tube  are  then  thrown 
into  water,  and  the  salt  is  washed  away  by  decantation.    The 
mercury  is  dried  by  bibulous  paper,  and  restored  to  the  tube. 
If  the  temperature  be  different  from   that  which  it  possessed 
in  the  first  part  of  the  experiment,  it  is  restored  to  the  origi- 
nal temperature,  or  a  correction  is  made  for  the  difference. 
It  is  now  obvious  that  the  space  in  the  tube  unoccupied  by 
the  mercury  is  that  which  was  formerly  filled  with  the  salt. 
To  this,  however,  must  be  added   a  slight  correction  for  the 
imperfect  nature  of  the  vacuum,  which  is  not  Torricellian, — 
a  correction  which    need   not  exceed  ^xyijth  of  the  volume 
observed.     With  these  preliminary  descriptions  and  observa- 
tions, we  now  proceed  to  describe  the  details  of  our  experi- 
ments, throwing  them  into  various  classified  groups  of  salts, 
for  the  purpose  of  easy  reference. 

Tiie  first  group  described  is  remarkable  for  containing  a 
large  amount  of  water  of  hydration. 

Sulphate  of  Copper,   CuO,  SO3  +  .5H()  =  124--88.— The 
third  part  of  an  equivalent  of  this  salt,  41 '62  grains,  dissolved 
in  3140  grains  of  water  at  .'i2°,  with  an  increase  of  13*15,  but 
dissolved  in  water  at  90°,  with  an  increase  of  15'0. 
CuO,  SO;,  -f  5ll(),  vol.  in  solution    'ir>'0. 

Half  an  equivalent  of  this  salt,  f)2'4i  grains,  being  immersed 
in  0  saturated  solution,  occupied  the  volume  of  27*7  water- 
grain  measures. 
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Sp.  vol.  Sp.  gr. 

CuO,  SO3  +  5HO,  vol.  of  salt  55'^     ...     2-254. 

Kopp  t'oiind  for  the  specific  gravity  of  this  salt  the  number 
2-274. 

Sulphate  of  Ahmina,  Alg  O3,  3SO3+  18HO=  333-7.— The 
salt  used  in  the  experiments  was  carefully  prepared,  and 
obtained  in  tolerably  good  crystals.  The  eighth  part  of  an 
equivalent,  41-7  grains,  dissolved  in  1000  of  water,  with  an 
increase  of  20*0  in  one  experiment,  and  J 99  in  another,  the 
temperature  of  observation  being  51°. 

I.  Sulphate  of  alumina,  vol.  in  solution     160*0 

II 159-2 

Mean     .     .     159-6 

The  same  quantity  of  salt  thrown  into  turpentine  caused 
in  two  experiments  an  increase  of  25  0,  and  in  a  third  of 
24-9. 

Sp.  gr. 

I.  Sulphate  alumina,  vol.  of  salt     200-0     ...     1-668 

II.  ...  ...  ...  199-2     ...      1-675 

Mean  .  .  199-6  ...  1-671 
Sulphate  of  Soda,  NaO,  SO3  +  lOHO  =  161-48.— Sulphate 
of  soda,  crystallized  out  of  a  strong  warm  solution,  carries 
down  10  atoms  of  water.  Of  this  salt,  about  one-fourth  of  an 
equivalent  (40-4  grains),  on  being  dissolved  in  1000  grains  of 
water,  caused  in  two  experiments  an  increase  of  23-0,  at  a  tem- 
perature of  59°;  and  in  a  third  experiment  of  22-8  at  the 
same  temperature. 

I.  II.  NaO,  SO3  +  lOHO,  vol.  in  solution  =  91-8 
III.         ...  ...  ...  ...  91-2 

Mean     .     .     91-5 

The  same  quantity  of  the  salt  being  immersed  in  a  saturated 
solution  occasioned  an  increase  of 278;  and  on  a  second  ex- 
periment, of  27'2  at  a  temperature  of  62°. 

I.  NaO,  SO3+ 1  OHO,  vol.  of  salt     111-1     ...     1-453 
II.         ...  ...  ...  108-7     ...     1-485 

Mean     .     .     109*9     ...     1-469 

"When  sulphate  of  soda  crystallizes  from  a  weak  cold  solu- 
tion, it  carries  down  a  quantity  of  water,  corresponding  to 
eleven  equivalents.  In  two  experiments,  the  volume  in  solu- 
tion of  salt  procured  in  this  way  was  98 ;  but  we  apprehend 
that  the  water  is  merely  mechanical,  for  reasons  which  will 
be  seen  hereafter,  as  the  volume  of  the  salt  itself,  by  a  mean 
of  several  experiments,  came  out  to  119-5,  whereas  had  this 
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eleventh  atom  of  water  been  combined  it  should  have  been 
121. 

Biborate   of  Soda,   NaO,  2BO3  +  lOHO  =  191-23.— On 
dissolving  40  grains  of  this  salt  in  1000  of  water,  the  increase 
was  19*2  at  a  temperature  of  55°. 

NaO,  2BO3  +  lOHO,  vol.  in  solution  91-7. 
Half  an  equivalent,  or  95*61  grains,  on  being  placed  in  a 
saturated  solution,  occasioned  an  increase  of  55*5;  and  47*8 
grains  caused  an  increase  of  27*5;  both  experiments  being 
made  at  a  temperature  of  55°. 

Sp.  gr. 

I.  NaO,  2BO3  +  lOHO,  vol.  of  salt     HI      ...  1-722 

II.  ...  ...  ...  HO      ...  1-738 

Mean  .  .  110-5  ...  1-730 
Chloride  of  Strontium,  Sr,  CI  +  6HO  =  133-32.— There 
are  two  hydrates  of  chloride  of  strontium,  the  one  with  nine, 
and  the  other  with  six  equivalents  of  water.  To  determine 
which  of  these  hydrates  was  under  examination,  4'324grammes 
were  heated  to  redness  with  a  loss  of  1*75  gramme  =  40*47 
per  cent.,  showing  that  the  hydrate  was  that  with  six  equiva- 
lents of  water,  which  gives  by  calculation  40*50  per  cent. 

On  dissolving  40  grains  of  this  salt  in  1000  of  water,  the 
increase  occasioned  at  a  temperature  of  56°  was  16*0;  a  se- 
cond experiment,  in  which  the  same  quantities  were  used, 
gave  exactly  the  same  result. 

I.  II.  Sr  CI  +  6HO,  vol.  in  solution     53-3. 
The  same  quantity  of  salt  (40  grains),  immersed  in  a  satu- 
rated solution,  caused  an  increase  of  20-0  at  a  temperature  of 
57°  J  and  on  a  second  experiment  of  19*7. 

Sp.  gr. 
I.  SrCl  +  6HO,  vol.  of  salt     66-6  ...   2*000 

II 65-6  ...   2-030 

Mean     .     .     66-1    ...   2-015 
Chloride  of  Calcium^  Ca  CI  +  6HO  =  109*92.— On  dis- 
solving 55  grains,  or  the  half  of  an  equivalent  of  this  salt,  in 
1000  grains  of  water,  an  increase  of  280  was  obtained  at  tiie 
temperature  of  70°;  and  in  a  second  experiment  27*6  at  60°. 
I.  CaCl  +  6HO,  vol.  in  solution     56-0 

II 55*2 

Mean     .     .     55*6 
The  &ame  quantity  of  salt  thrown  into  turpentine  caused  an 
increase  of  32-7  and  32*8  in  two  experiments. 

Sp.  gr. 

I.  CaCl  +  6H0,  vol.  ofsolt     G5'^  ...    1-682 

II.  ...  ...  65^6  ...    1-677 

Mean     .     .     65-5  ...    1*680 
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Chloride  of  Magnesium,  Mg  CI  +  6HO  =  102-16.— Millon 
has  lately  described  this  salt  as  containing  6i  atoms  of  water ; 
but,  as  we  have  not  been  successful  enough  to  obtain  this  hy- 
drate, we  retain  the  old  formula.  25*54?  grains,  or  the  fourth 
of  an  equivalent,  dissolved  in  1000  grains  of  water  at  53°, 
with  an  increase  of  l^'O. 

Mg  CI  4-  6HO,  vol.  in  solution  =  56*0. 

The  same  quantity,  25-54  grains,  gave,  in  four  experiments, 

respectively,  16-5;  16-0;   16-4;  16-5. 

Sp.  gr. 

I.  Mg  CI  +  6HO  volume  of  salt  66-0   ...  1-548 

II 640  ...  1-595 

III 65-6   ...  1-557 

IV 660   ...  1-548 

Mean     .     .  65-4   ...  1-562 

The  salts  now  examined  are  not  calculated,  on  account 
of  the  deliquescent  character  of  several  of  them,  to  produce 
absolutely  accurate  experimental  results ;  but,  notwithstanding 
this  circumstance,  the  determination  of  their  volumes  is  suffi- 
ciently uniform  to  indicate  the  theory.  The  actual  volume 
observed  for  each  of  the  salts  in  solution,  when  divided  by  9, 
the  atomic  volume  of  water,  yields  as  the  quotient  the  same 
number  as  that  representing  the  atoms  of  water  in  the  salt. 
Hence  it  is  quite  certain  that  the  salts  now  described  dissolve 
in  water  without  adding  to  its  bulk  more  than  is  due  to  the 
liquefaction  of  the  water  in  chemical  combination  with  them. 

The  volumes  of  the  salts  in  their  solid  state  possess  a  num- 
ber considerably  higher  than  that  representing  the  liquid  vo- 
lume, but  affect  a  divisor,  which  is  the  same  for  all  the  salts, 
allowing  for  errors  of  experiments,  or  for  alterations  caused 
by  incidental  circumstances.  This  divisor  is  a  number  either 
equal  or  approximating  to  11.  When  the  volumes  of  the 
salts  in  the  solid  state  are  divided  by  this  number,  the  quotient 
represents  the  number  of  atoms  of  water  attached  to  the  salt. 
The  most  natural  view  of  this  circumstance  is  to  suppose  that 
water  in  combination  as  a  solid  with  a  salt  possesses  a  higher 
volume  than  liquitl  water,  just  as  in  the  case  of  ice.  If  this 
view  be  correct,  the  atomic  volume  of  the  salts  described  is 
the  same  in  the  state  of"  a  solid  as  when  in  solution,  the  only 
difference  being,  that  in  the  one  case  the  volume  is  expressed 
by  liquid,  in  the  other  by  solid  water.  In  this  case,  however, 
water  in  combination  with  a  salt  does  not  possess  the  same 
volume  as  ice,  which,  according  to  our  experiments,  detailed 
in  another  part  of  this  paper,  has  a  volume  of  9*8,  and  not  of 
a  number  approaching  to  11. 
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Yet  there  is  nothing  extravagant  in  the  idea  that  water 
combined  with  a  salt  may  have  a  volume  different  from  that  of 
ice.  Indeed,  we  are  inclined  to  be  of  the  opinion  that  ice 
itself  represents  nearly  the  mean  of  the  volume  of  water  un- 
combined  and  that  of  combined  water.  Be  this  as  it  may,  it 
will  be  observed,  as  we  proceed,  that  the  number  11  is  the 
best  exponent  of  one  class  of  our  experiments  on  specific  gra- 
vity ;  and  therefore,  without  resting  its  claims  to  acceptance 
entirely  on  the  present  experiments,  we  assume  it  in  the  fol- 
lowing tables  as  the  theoretical  result  for  each  class  of  salts. 
With  these  views  we  tabulate  the  experiments  which  have 
been  already  detailed. 

Table  II. — Showing  the  volumes  occupied  by  certain  salts 
containing  a  large  amount  of  hydrate  water. 


Designation. 

Volume  in  solution. 

Volume  as  salt. 

Name. 

Formula. 

Atomic 
Weight. 

3 

g 

"J 

3 
I 

"Si? 

il 

it 

5  '^ 

is 
SI 

»  3 

J=  0 

H 

II 

If 

CO  .a 

Sulphate      of! 
copper J 

CuO,  SO3+5HO 

124-88 

45- 

5 

45 

55-4 

5 

55 

2-270 

2-254 

Sulphate      of  1 
alumina  ....  J 

AljOg.aSOa  +  lSHO 

3337 

159-6 

18 

162 

199-6 

18 

198 

1-685 

1-671 

Sulphate     of! 
soda / 

NaO,SO3+10HO 

161-48 

91-6 

10 

90 

109-9 

10 

110 

1-468 

1-469 

Biborate      ofl 
soda     / 

NaO,2BO3+10HO 

191-23 

91-7 

10 

90 

110-5 

10 

110 

1-738 

1-730 

Chloride      ofl 
strontium   .  j 

SrCl+6H0 

133-33 

63-3 

6 

54 

661 

6 

66 

2020 

2-015 

Chloride      ofl 
calcium  ....  J 

Caa+6I10 

109-92 

55-6 

6 

54 

65-6 

6 

66 

1-665 

1-680 

Chloride     of\ 
magnesium.  J 

MgCl+CHO 

10216 

560 

6 

54 

65-4 

6 

66 

1-548 

1-562 

There  are  some  salts  which  do  not  take  up  any  space  in 
solution,  except  that  due  to  their  water,  but  which  assume  a 
volume  due  to  one  of  their  constituents  on  becoming  solid; 
the  potash  and  ammonia  alums  arc  examples  of  this  class. 

Sulphate  of  Alumina  and  Potash^  AI^O.,  3SO3 -f  KG  SO., 
-f  24HO  =  474'9.5. — 59  grains  of  alum   dissolved   in    1000 
grains  of  water,  gave  the  increa.se  of '27*0  in  one  experiment 
and  27*1  in  another,  both  ot  the  temperature  of  GO''. 
I.  ^lum,  volume  in  (iolution     217'S 
II.  ...  ...  218-1 

Mean    .     .     217*7 


Sp.  gr. 

275-2    .. 

.     1-726 

277-6    .. 

.     1'711 

274.-4    .. 

.     1-730 

273-6    .. 

.     1-735 
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On  throwing  59-37  grains  into  a  saturated  solution,  an  in- 
crease of  34-4  was  obtained  in  the  first  experiment ;  of  34-7 
in  a  second  ;  of  34-3  in  a  third ;  and  of  34-2  in  a  fourth,  all 
at  a  temperature  about  60°. 

I.  Alum,  vol.  of  salt 

II 

Ill 

IV 

Mean     .     .     275-2    ...     1*726 

Sulphate  of  Alumina  and  Ammonia^  AlgOg,  SSOg  +  NH4O, 
SO3  +  24HO  =  454-26. — 20  grains  of  this  salt  dissolved  in 
4100  grains  of  water  with  an  increase  of  10*0  at  58°. 

Ammoniacal  alum,  vol.  in  solution    227*1 

The  eighth  part  of  an  equivalent,  56*78  grains,  immersed  in 
turpentine,  caused  a  rise  in  the  stem  of  34*9  in  one  experi- 
ment and  35*0  in  another,  the  temperature  being  60°. 

Sp.  gr. 
I.  Ammonia  alum,  vol.  of  salt     279*2  ...    1-627 

II 280*0  ...    1-623 

Mean     .     .     279*6  ...    1*625 

Chrome  Alum,  CyJl>.^,  3SO3  +  KO,  SO3  +  24HO  =  504-1. 
— On  dissolving  32  grains  of  this  salt  in  4100  grains  of  water, 
an  increase  of  13*7  was  effected  at  37°. 

Chrome  alum,  vol.  in  solution     215*8 

In  two  experiments  63  grains  of  this  salt  thrown  into  tur- 
pentine caused  an  increase  of  34-5. 

Sp.  gr. 
Chrome  alum,  volume  of  salt    276     ...     1*826 

Iron  Ammonia-alum,  ^6203,  3SO3  +  NH4O,  SO3  -f  24HO 
=  481-03. — On  dissolving  30-06  grains  in  1000  grains  of 
water,  an  increase  of  14-3  was  obtained  at  a  temperature  of 
37°. 

Iron  alum,  vol.  in  solution     228 

The  eighth  part  of  an  equivalent,  60-13  grains,  produced 
an  increase  of  35*0  measures  when  thrown  into  turpentine. 

Sp.  gr. 
Ammoniacal  iron  alum,  vol.  of  salt     280*0     ...     1*718 

Pyrophosphate  of  Soda,  2NaO,  PO5  +  lOHO  =  224-15.— 
The  eighth  part  of  an  equivalent  of  the  crystallized  pyrophos- 
phate, 28  grains,  dissolved  in  1000  grains  of  water  with  an  in- 
crease of  11-2  in  one  experiment  and  of  11*3  in  another,  the 
temperature  in  both  cases  being  58°. 
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Pyrophosphate  of  soda,  vol.  in  solution     89*6 

90-4 
Mean     .     .     90-0 
On  immersing  56*04  grains  of  the  salt  in  a  saturated  solu- 
tion, an  increase  of  30'5  was  obtained  in  two  experiments. 

Sp.  gr. 
Pyrophosphate  of  soda,  vol,  of  salt     122"0     ...     1*836 
By  tabulating  the  i*esults  thus  obtained  we  find  the  follow- 
ing relationship  between  the  class  of  alums. 

Table  III. — Showing  the  volumes  of  certain  Alums*. 


Designation. 


Volume  in  solution. 


Volume  in  state  of  salt. 


Potash  alum  ... 
Ammonia  alum. 
Chrome  alum... 


••{ 


Iron  alum 


Pyrophosphate  1 
of  Soda  ...J 


Fonnula. 


rAl203.3S03,KO,S03\ 
\        +24HO  / 

JAljOs.aSOs+NH^Ol 
I  SO3+24HO  J 
/  CroOg,  3SO3  +  KO,  \ 
\  "SO34-24HO  J 
FeA.SSOg+NII^O,! 
SO3+24HO         J 

2NaO,PO5+10HO 


Atomic 
weight. 


1^ 


474-95 

454-26 

504-1 

481-03 

224-15 


217-7 
2271 
215-8 

228 

90 


M 


216 
225 
216 


11 
:2« 


275-2 
279-6 
276-0 


225  1  280  0 
90!  122 


275 
275 
275 
275 
121 


1^ 

a.>. 


1-7271  •72(5 
1-6521-625 
1-8331-826 
1-7491-718 
1-852,1-83G 


The  peculiarity  of  the  salts  described  in  the  above  table  is, 
that  the  quotient  of  the  divisor  for  the  potash  alums  in  the 
solid  state  is  not  the  same  as  in  the  .state  of  solution,  and  that 
the  ammoniacal  alums  pos.sess  one  volume  in  solution  greater 
than  the  corresponding  potash  alums,  both  of  which  peculi- 
arities will  find  an  explanation  as  we  proceed.  Pyrophos- 
phate of  soda  shares  this  peculiarity,  and  is  therefore  intro- 
duced into  the  table. 

We  now  proceed  to  describe  a  class  of  hydrated  salts, 
in  which  the  divisor  for  the  .solid  volume  is  certainly  not  the 
number  11. 

Carbonate  of  Soda,  NaO,  CO^+  10HO=  143"t.— On  di.s- 
Holving  S.'J'S.'j  grains  of  this  salt  in  1000  grains  of  water,  the 
increase  was  22*5  in  one  experiment  at  64*^,  and  22*9  in  a 
vecond  experiment  at  65^. 

I.  NaO,  CO,  4  lOHO,  vol.  in  solution     90*0 

II 91l;6 

Mean     .     .     90*8 
*  Vide  conclusion  for  explanation  of  the  high  volume  of  ammonia  alums. 


Sp.  gr. 

98-8    . 

.    1-451 

98-0    . 

.•1-463 

98-4.    . 

..    1-457 

99-2    . 

..    1-446 
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On  throwing  35*8  grains  of  the  salt  into  turpentine,  the  in- 
crease was  24-7,  24*5,  24*6,  and  24 '8  in  consecutive  experi- 
ments with  different  specimens. 

I.  Carbonate  of  soda,  vol.  of  salt 
II 

Ill 

IV 

Mean     .     .     98-6    ...    1-454 

Rhombic  Phosphate  of  Soda^  2  NaO  HO,  PO^  +  24HO 
=  359' 1. — The  eighth  part  of  an  equivalent  of  this  salt,  44*9 
grains,  dissolved  in  1000  grains  of  water  with  an  increase  of 
27*0  in  one  experiment,  and  27*1  in  a  second;  by  some  mis- 
take the  temperature  of  the  solution  has  not  been  recorded. 

I.  Phosphate  of  soda,  vol.  in  solution     216-0 

II.  ...  ...  ...  216-8 

Mean     .     .     216-4 

The  same  quantity  of  salt  thrown  into  turpentine  caused  an 
increase  of  29'4  in  two  experiments,  and  29*5  in  a  third. 

Sp.  gr. 
I.  Phosphate  of  soda,  vol.  of  salt     235-2    ...   1-527 

II 235-2    ...   1-527 

III 236-0   ...   1-521 

Mean     .     .     235-5    ...   1-525 

Sub-phosphate  of  Soda ^  3NaO,  PO5  +  24HO  =  381-6.— 
The  eighth  part  of  an  equivalent  of  this  salt,  47*7  grains,  dis- 
solved in  1000  grains  of  water,  with  an  increase  of  27-1  in 
two  experiments  at  48°. 

I.  II.  Sub-phosphate  of  soda,  vol.  in  solution     216-8 

The  same  quantity  of  salt  thrown  into  turpentine  produced 
an  increase  of  29-4  in  two  experiments  under  favourable 
circumstances,  although  in  another  experiment,  in  which  we 
were  not  satisfied  with  the  state  of  hydration  of  the  salt,  the 
increase  was  only  28*9. 

Sub-phosphate  of  soda     235-2     ...      1-622 

Arseniate  of  Soda^  2NaO,  HO,  AsO^ -f- 24HO  =  402-9.— 
On  dissolving  50*36  grains,  the  eighth  part  of  an  equivalent, 
in  1000  grains  of  water,  an  increase  of  27*2  was  obtained  at 
a  temperature  of  54°. 

Arseniate  of  soda,  vol.  in  solution     217'6 
The  same  quantity  of  salt  thrown  into  a  saturated  solution 
caused  an  increase  of  29*0  in  several  experiments.     This  salt 
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loses  its  water  with  such  facility  that  it  is  almost  impossible 
to  obtain  it  in  a  state  well-fitted  for  experiment.  In  two  spe- 
cimens of  salts,  prepared  at  different  times,  the  volume  for  the 
above  quantity  of  salt  was  29'7  and  29*8  ;  but  as  in  most  cases 
it  was  only  29*0,  we  give  the  result  most  generally  obtained. 

Arseniate  of  soda,  vol.  of  salt     232"0     ...     1*736 

Sub-arseniate  o/Sorfa,  3  NaO,  As05+24.HO  =  4.25-2.— The 
eighth  part  of  an  equivalent,  53*15  grains,  of  this  salt  dissolved 
in  1000  grains  of  water,  with  an  increase  of  27*0  in  one  ex- 
periment, and  26*9  in  another,  at  a  temperature  about  55°. 

I.  Sub-arseniate  of  soda     216*0 
II.  ...  ...  21.5*2 

Mean     .     .    ^15^5 

The  same  quantity  of  salt  immersed  in  turpentine  caused 
an  increase  of  29*4  and  29*5  in  two  experiments. 

I.  Sub-arseniate  of  soda,  vol.  of  salt   235*2 
11.  ...  ...  ...  236*0 

Mean     .     .     235*6 
Cane-Sugar^  Cj2H,iO,i=  l71-60.--25*8  grains  of  sugar 
dissolved  in  314-0  grains  of  water  caused  an  increase  of  14*8 
at  32*^;  42*9  grains,  or  the  fourth  of  an  equivalent,  gave  an 
increase  of  25*0  at  60°  in  two  experiments. 

I.  Cane-sugar,  vol.  in  solution 
.           ...            •>•           •.. 
Ill 

Mean     .     . 

300  grains  of  sugar-candy  thrown  into  alcohol  previously 
saturated  with  it,  caused  an  increase  in  the  first  experiment 
of  1880,  in  the  second  of  188*75;  in  a  third  experiment, 
49*65  grains  thrown  into  turpentine  caused  an  increase  of 
31*0;  and  the  same  ouantity,  in  a  fourth  experiment,  of  31*1, 
the  temperature  in  all  the  cases  being  about  60°. 

Sp.  gr. 

I.  Cane-sugar,  vol.  of  .solid     107*5    ...   1*596 

II.  ...  ...  107-9    ...    l-.WO 

III.  ...  ...  ]07'1    ...   1*602 

IV.  ...  ...  107*5   ...   ^596 

Mean     .     .     J  07*5   ...   1*596 

In  this  section  a  class  of  salts  presents  itself,  in  which  the 

volumes  are  clearly  not  repri'scnlcd  by  any  multiple  of  11; 

yet  they  are  uniform  in  their  isomorplious  relations,  and  are 

sensibly  multiples  of  the  same  number.     To  discover  whether 
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the  solid  volume  have  any  relation  to  that  occupied  by  ice, 
we  have  determined  the  specific  gravity  of  the  latter  with  great 
care.  The  distilled  water,  which  we  converted  into  ice,  was 
deprived  of  air  by  long-continued  boiling,  and  a  weighed  por- 
tion of  the  ice  was  quickly  immersed  in  water  at  32  ,  the  ba- 
lance being  kept  at  the  same  temperature  during  the  weighing 
of  the  ice.  The  rise  in  the  stem  of  the  volumenometer,  in  which 
fragments  of  ice  had  previously  been  placed,  indicated  the 
volume  due  to  the  quantity  of  ice  immersed.  On  treating  in 
this  manner  54*2  grains  of  ice,  a  rise  in  the  stem  of  59  0  was 
produced  ;  and  in  a  second  experiment  52*8  grains  of  ice  oc- 
casioned an  increase  of  57*5,  the  temperature  in  both  cases 
being  exactly  32°. 

Specific  volume.       Specific  gravity. 
I.  Ice  volume     9-797       ...        0-9186 

II 9-801       ...        0-9183 

Mean     .     .     9-799       ...        0-9184 

As  the  true  specific  gravity  of  ice  is  a  subject  of  much  im- 
portance, we  place  here  all  the  recorded  results,  as  given  in 
Bottger's  most  useful  work  on  specific  gravity,  and  in  the  first 
volume  of  Scoresby's  Arctic  Regions. 

Specific  gravity  of  ice     0-888  Dulk. 
0-937  Irvine. 
0-945  Williams. 
0-885  Meineke. 
0-905  Heinrich  Kraft. 
0-927  Osann. 
„,  ...  0-950  Roger  and  Dumas. 

0-920  Scoresby. 
Mean  .  .  0-919 
The  mean  of  all  these  experiments,  differing  only  yn^jjj 
from  our  own  determination,  warrants  us  in  concluding  that 
our  result  is  accurate,  and  that  9*80  may  safely  be  taken  as 
the  specific  volume  cff  an  atom  of  ice.  Now  it  must  at  once 
strike  the  observer  of  the  previous  experiments,  that  this  num- 
ber forms  the  divisor  for  the  volumes  of  the  salts  described  in 
the  present  section. 
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Table  IV. — Showing  the  volumes  occupied  by  certain  Phosphates, 
Arseniates,  Carbonate  of  Soda  and  Cane-sugar. 


Deaignation. 


Volume  in  solution. 


Volume  of  salt. 


Name. 


Formula. 


"se- 


i'l 


5£> 


£•« 


Carbonate  of  sodaj  NaO.COg+lOHO 
Phosphate  of  soda)  j  ^^^^24HO  ^^'  } 
Sub-phosphate  I   3NaO,PO,-f24HO 

} 


Arseniate  of  soda 

Sub-arseniate 

of  soda  

Cane-sugar   ... 


r  IIO,2NaO,As05 
I      +24UO 

3NaO,  A80j4-24HO 

C12H11O11 


143-4 
3591 

381-6' 

402-9 

425-2 
171-6 


90-8| 
216-41 

216-8j 

2176, 

215-6: 
99-5 


10 
24 

24 

24 

24 
11 


90 
216 

216 

216 

216 
99 


98-6 
235-5 

235-2 

2320 

235  6 
107-5 


98-0 
235-2 

235-2 

235-2 

235-2 


1-463 
1-527 

1-622 

1-713 

1-808 


107-81 1-591 


1-454 
1-525 

1-622 

l-73() 

1-804 
1-596 


Connected  with  the  latter  group,  there  is  a  class  of  salts 
which  come  out  uniformly  with  themselves,  but  the  divisor  of 
which  is  not  1 1  in  the  solid  state.  We  subjoin  them  in  the 
following  group. 

Sulphate  of  Magnesia,  MgO,  SO3  +  7 HO  =  123*86.— • 
When  this  salt  is  dissolved  in  a  large  quantity  of  cold  water, 
the  volume  ob.served  after  solution  is  always  less  at  ordinary 
temperatures  than  that  due  to  the  water  contained  in  the  salt. 
That  this  diminution  is  due  to  a  contraction  caused  by  an  af- 
finity of  the  salt  for  water  is  shown  by  the  fact,  that  anhydrous 
sulptiate  of  magnesia  dissolved  in  a  large  quantity  of  water 
actually  lessens,  instead  of  increasing  the  bulk  of  the  water; 
and  to  compensate  for  this  contraction,  a  certain  tempera- 
ture has  to  be  given  to  the  water.  In  the  following  expe- 
riments with  the  sulphates  of  magnesia,  zinc  and  iron,  this 
circumstance  has  been  attended  to,  anH  the  temperature  is 
given  at  which  the  results  come  out  exact. 

SI  grains  of  crystallized  sidphate  of  n)agnesia  were  dissolved 
in  3  HO  grains  of  water  at  32°,  and  caused  aii  increase  of 
15*22;  at  85°  the  increa.se  was  15*75. 

MgO,  SO3  -I-  7 MO,  vol.  in  solution     63. 

Half  an  equivalent,  fi  1*93  grains,  being  placed  in  a  satu- 
rated solution  of  the  salt,  caused  an  increase  of  37*5  in  one 
experiment,  but  in  three  other  experiments  the  increase  was 
not  greater  tlian  37*2  ;  the  temperature  in  all  the  cases  being 

54". 
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Sp.  gr. 
I.  MgO,  SO3  +  7HO,  vol.  of  salt     75-0     ...     1-651 

II 74.-4.     ...     1-664 

III 74-4     ...     1-664 

IV 74-4     ...     1^64 

Mean     .     .     74-55     ...     1-660 

Sulphate  of  Zinc,  ZnO,  SO3  +  7HO  =  143-43.  — This 
salt  possesses  the  same  property  as  sulphate  of  magnesia,  of 
causinor  a  contraction  when  the  anhydrous  salt  is  dissolved  in 
a  large  quantity  of  cold  water. 

35-9  grains  were  dissolved  in  3140  grains  of  water  at  a 
temperature  of  32°,  causing  a  rise  in  the  stem  of  14-03.  At 
90°  the  rise  was  15-77. 

ZnO,  SO3  +  7HO,  vol.  in  solution     63. 
The  half  of  an  equivalent  of  this  salt,  71*71  grains,  being 
thrown  into  a  saturated  solution,  caused  an  increase  of  37-1  ; 
and  35-85  grains  produced  a  rise  in  the  stem  of  18*6  in  two 
experiments,  and  of  18*5  in  a  fourth. 

Sp.  gr. 
I.  ZnO,  SO3  +  7HO,  vol.  of  salt     74-2    ...    1-933 

■      II 74-4     ...     1-928 

III 74-4    ...     1-928 

IV 74-0    ...    1;^37 

Mean     .     .     74-25  ...     1*931 

Sulphate  of  Iron,  FeO,  SO3  +  7HO  =  138-3.— The  fourth 
part  of  an  equivalent,  34-6  grains,  dissolved  in  3140  grains  of 
water  at  32°  with  an  increase  of  15-25,  which  became  15*75 
at  80°. 

FeO,  SO3  +  7HO,  vol.  in  solution     63. 

The  same  quantity  of  salt  thrown  into  turpentine  gave  in 
one  experiment  an  increase  of  18*6,  in  another  of  18-7,  and 
in  a  third  of  18-6. 

1.  FeO,  SO3  +  7HO,  vol.  of  salt 

II 

Ill 

Mean     .     . 

Sulphate  of  Nickel,  NiO,  ISOg  +  6HO  =  181-74.— This 
salt  we  found  to  contain  only  6  atoms  of  water  instead  of  7 
atoms,  as  usually  described;  but  it  is  known  to  crystallize 
with  both  proportions.  On  dissolving  35  grains  in  1000  of 
water,  the  increase  obtained  was  14-0  at  a  temperature  of  55°. 

NiO,  SO3  +  6HO  =  vol.  in  solution     52-7. 
We  have  not  ourselves  obtained  the  specific  gravity  of  this 


74*4     . 

Sp.  gr. 
.     1-860 

74*8    . 

.     1-850 

74*4    . 

.     1-860 

74-5    . 

.     1-857 
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salt,  but  this  has  been  determined  by  Kopp,  who  ^ives  it  at 
2*037,  without  however  describing  the  character  of  the  hy- 
drate which  he  examined.  It  is  possible,  therefore,  that  it 
may  not  be  the  same  as  that  which  we  have  examined ;  but 
presuming  it  to  be  so,  the  volume  of  this  salt,  according  to 
Kopp,  would  be 

Sp.  gr. 
NiO,  SOg  +  6HO,  vol.  of  salt     64.-6     ...     2-037. 

The  volumes  of  the  magnesian  sulphates  with  7  atoms  of 
water  are  obviously  less  than  those  which  would  result  were 
they  multiples  of  the  volume  11.  But  as  we  have  already 
seen  that  the  water  of  hydration  does  not  always  enter  into 
combination  with  the  volume  11,  but  occasionally  with  that  of 
9'8,  or  the  volume  of  ice,  the  results  obtained  may  be  ex- 
plained on  this  view.  Graham*,  in  his  researches  on  the 
phosphates,  and  on  the  heat  of  combination,  drew  attention 
to  the  fact,  that  the  atoms  of  water  seem  to  be  attached  to- 
gether in  twos.  Millonf  more  lately  has  shown  that  the  two 
last  atoms  of  water  in  sulphate  of  magnesia  are  less  firmly 
attached  than  the  five  remaining  atoms ;  that  a  magnesian 
sulphate  in  fact  may  be  viewed  as 

MgO,  SO3  +  5HO  +  2HO. 
That  5  atoms  of  water  form  the  natural  numbers  for  the  mag- 
nesian sulphates  we  have  evidence  in  the  salts  of  copper  and 
manganese,  both  of  which  possess  these  5  atoms  of  water  in 
combination  with  a  volume  of  11,  at  least. 

CuO,  SO3  +  5HO  vol.  of  salt     55-4^  (P.  and  J.) 
MnO,  SO3  +  5HO        ...  57*6  (Kopp.) 

As  then  the  two  additional  atoms  of  water  are  retained  by 
a  less  feeble  affinity  than  the  remaining  five,  may  we  not  as- 
sume that  they  are  present,  as  in  the  case  of  other  salts  pos- 
sessing a  feeble  affinity  for  water,  with  the  volume  of  ice, 
whilst  the  original  5  atoms  possess  the  higher  volume  of  11? 
The  following  table  will  show  that  this  hypothesis  gives  re- 
sults by  calculation  which  do  not  differ  widely  from  those  ob- 
tained by  experiment. 

•  Phil.  Trans.,  part  1.  18.37,  pngc  67. 

f  Annalct  dc  C/iimii;  3  n^rie,  t.  xii.  p.  134. 
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Designation. 


Name. 


Formula. 


Atomic 
Weight. 


Volume  in  solu- 
tion. 


Eg 

o  ■" 

> 


Volume  of  salt. 


1§ 

^  a 


"    O    o 


s  s 


Sulphate  of 

magnesia 
Sulphate  of" 

zinc J 

Sulphate  of  1 

iron J 

Sulphate  of] 

nickel  ...  I 


MgO,S03+5IIO\ 

+2H0  J 

ZnO,  SOs-f  5H0  1 

+2H0  J 

FeO,S03+5HO    1 

+2110  ]■ 

NiO,S03+5HO  1 

+H0  / 


123-86 
143-43 
138-3 
131-74 


63 
63 
63 
52-7 


63 
63 
63 
54 


74-55 
74-25 


5+2 
5+2 


74-5     5+2 


64-6 


5+1 


74-61-660 

74-6  1-926 

I 
74-6 1  -854 

64-82-033 


1-660 
1-931 
1-857 
2037 


Before  leaving  this  section  we  would  sum  up  some  of  the 
principal  facts  observed.  In  the  first  place,  it  is  of  much  im- 
portance to  know  that  these  salts  dissolve  in  water  without 
increasing  its  bulk  more  than  is  due  to  the  water  attached  to 
them  as  crystallized  water.  The  acid  and  bases  entirely  dis- 
appear in  the  water  which  is  attached  to  them  ;  and  so  closely 
does  this  rule  prevail,  that  the  atom  of  basic  water  in  the  tri- 
basic  arseniates  and  phosphates  has  ceased  to  play  the  part  of 
water,  either  in  solution  or  in  the  solid  state.  In  the  condi- 
tion of  solid  salts,  we  find  four  classes  to  which  we  have  drawn 
attention.  The  first  of  these  is  represented  by  salts  having 
their  water  firmly  attached,  and  possess  as  a  divisor  for  their 
atomic  volume  a  number  equal  or  approaching  to  11;  and 
we  have  concluded,  as  the  quotient  of  this  divisor  is  always 
the  same  as  the  number  of  atoms  of  water  attached  to  the  salt, 
that  1 1  is  the  volume  of  an  atom  of  water  in  combination  ; 
and  hence  that  the  salts  have  disappeared  in  this  attached 
water,  adding  to  its  weight,  but  not  to  its  observed  bulk. 

The  second  class  of  salts  in  this  section  is  represented  by 
potash  alum,  in  which  the  astonishing  result  is  obtained,  that 
the  23  anhydrous  atoms  of  this  salt  have  combined  in  some  way 
with  the  24-  atoms  of  water,  so  as  to  cease  to  occupy  bulk  in 
solution.  The  peculiarity  of  this  group  is,  that  an  additional 
1 1  becomes  attached  to  the  solid  salt,  so  that  the  quotient  of 
the  divisor  is  25  instead  of  24.  This  fact,  and  that  connected 
with  the  ammoniacal  alums  in  the  same  group,  cannot  be  dis- 
cussed with  propriety  in  the  present  place. 

The  third  group  of  salts  in  this  section  is  one  of  high  in- 
terest, and  is  represented  by  salts  having  their  hydrate  water 
attached  by  a  feeble  affinity.     In  them  the  volume  of  the 

Fhil.  Mag.  S.  3.  Vol.  27.  No.  182.  Dec.  1 845.  2  I 
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water  is  exactly  the  same  as  that  of  ice  itself.  Sugar  belongs 
to  this  category,  not  because  the  Hj,  O,,  are  feebly  attached, 
for  it  has  yet  to  be  shown  that  tliey  are  present  quasi  water. 
The  fact  however  that  these  1 1  atoms  of  hydrogen  and  oxygen 
take  up  the  same  space  as  liquid  water  in  solution,  and  as  ice 
in  the  solid  state  of  sugar,  and  that  the  12  atoms  of  carbon 
have  ceased  to  occupy  space,  is  a  matter  of  supreme  interest, 
and  cannot  fail  to  lead  to  important  results  when  we  come  to 
the  consideration  of  organic  compounds. 

The  fourth  class  in  this  section  finds  its  representatives  in 
the  sulphates  of  the  magnesian  class  of  metals,  and  perhaps 
ought  to  include  the  magnesian  chlorides  also.  They  possess 
their  constitutional  water  with  the  usual  volume  of  11,  while 
the  water  feebly  attached  is  present  with  the  volume  of  ice. 

Although,  then,  we  have  four  distinct  groups  in  the  section 
of  salts  possessing  a  large  amount  of  hydrate  water,  we  have 
only  two  modifications  of  volume,  the  one  represented  by  a 
number  equal  or  approximating  to  11,  the  other  by  the  vo- 
lume of  ice  itself,  viz.  9"8. 

We  now  proceed  to  the  consideration  of  salts  which  either 
are  destitute  of  water,  or  contain  it  in  email  proportion  only. 
The  volumes  affected  by  them  must  be  volumes  peculiar  to 
themselves,  and  not,  as  in  the  present  section,  to  the  water 
with  which  they  are  combined. 

Section  II. 

Sulphates  with  a  small  jnoportion  of  Water  of  Hydration, 
Anhydrous  and  Double  Sulphates. 

Sulphate  of  Potash,  KO,  SO.,  =  87-25.— Half  nn  equi- 
valent of  this  salt,  dissolved  in  3140  grains  of  water  of  37°, 
increased  7'2,  and  at  80^,  90 ;  the  same  quantity  dissolved 
in  1000  grains  of  water  at  66°,  increased  9  0. 

I.  II.  KO,  SO;j,  vol.  in  solution     IS'O 

A  whole  equivalent  of  the  salt  being  placed  in  its  saturated 
solution  effected  a  rise  in  the  stem  of  33*0  at  a  temperature  of 
55°;  and  n  repetition  of  the  experiment  gave  the  increase 
33- 1. 

I.   KO,  SO.^  vol.  ofsftit     33-0   ...    2-644 
II.  ...  ...  33-1    ...    2-636 

Mean     .     .     33*05       2-640 

Sulphate  of  Potash  and  Sulphate  of  Hater,  KO,  SOs-l-  HO, 
80^=  136-35. — The  fourth  of  an  etjuivalenl  (340H  grains), 
being  di»»olve<i  in  1000  grains  of  water,  caused  mi  increase  of 


Atomic  Volume  and  Specific  Gravity.  475 

9*0  at  a  temperature  of  59°,  and  33  grains  dissolved  in  the  same 
quantity  of  water  occasioned  a  rise  of  8*75  at  44°. 

I.  KO,  SO3+  HO,  SO3,  vol.  in  solution     360 
II.  361 


Mean     .     .     36-05 

Half  an  equivalent  (68*2  grains)  of  the  salt,  previously 
fused,  immersed  in  a  saturated  solution,  produced  a  rise  in 
the  stem  of  27*5 ;  and  a  second  experiment  with  the  same 
quantity,  but  with  salt  which  had  not  been  fused,  of  27*6,  the 
temperature  on  both  occasions  being  55r^. 

Sp.  gr. 

I.  KO,  SO3  +  HO,  SO3,  vol.  of  salt     55-0   ...  2-479 

II.  ...  ...  ...  55-2    ...  2-470 

Mean     .     .     55-1    ...   2-475 

Sulphate  of  Ammonia,  NH4O,  SO3  -f  HO  =  75-25. — In 
three  separate  experiments,  in  which  7525  grains  of  this  salt 
were  dissolved  in  1000  grains  of  water,  the  increase  was  ex- 
actly 36-0  at  60°. 

I.  II.  III.  NH4O,  SO3HO,  vol.  in  solution     36-0 

Half  an  equivalent  (37'6  grains)  being  immersed  in  a  satu- 
rated solution  at  49°,  caused,  in  two  experiments,  an  increase 

of  21-5. 

Sp.  gr. 
I.  II.  NH4O,  SO3  -(-  HO,  vol.  of  salt     43-0    ...    1*750 

Sulphate  of  Ammonia  and  Sidphate  of  Water,  NH4O,  SO3 
+  HO,  S03=l  15-35.  — Half  an  equivalent  (57-7  grains)  of 
this  salt,  dissolved  in  1000  grains  of  water,  gave  a  rise  in  the 
stem  of  23*0  at  56°,  in  two  separate  experiments. 

I.  II.  NH4O,  SO3  -I    HO,  SO3,  vol.  in  solution     460 

The  same  quantity  of  salt  being  placed  in  its  saturated  solu- 
tion, caused  an  increase  of  32*5  in  one  experiment  and  of 
33-0  in  a  second,  the  temperature  in  both  cases  being  58°. 

Sp.  gr. 
I.  NH4O,  HO,2S03,  vol.  ofsalt     65-0  ...    1-775 

II.  ...  66-0  ...    1-747 


Mean     .     .     65'5   ...    1*761 

Sidphate  of  Soda  and  Sulphate  of  Water,  NaO,  SO3  +  HO, 
SO3  =  120-64. — The  fourth  of  an  equivalent  (30- 16  grains) 
dissolved  in  1000  grains  of  water,  in  the  first  experiment  with 
an  increase  of  4-6,  in  the  second  of  4*7,  both  at  a  tempera- 
ture of  oQ°. 

212 
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I.  NaO,  SO3+  HO,  SO3,  vol.  in  solution     18-4. 
II.  ...  ...  ...  18;8 

Mean     .     .    'l8-6 
The  same  quantity  of  salt  thrown  into  a  saturated  solution 
caused,  in  two  experiments,  an  increase  of  11*0  at  a  tempera- 
ture of  54-°. 

Sp.  gr. 
I.  II.  Bisulphate  of  soda,  vol.  of  salt  44''0  ...  2'742 
Ammoniacal  Sulphate  of  Copper,  CuO,  SO3,  HO  +  2NH3 
=  123'0. — The  fourth  of  an  equivalent  (30'8  grains)  of  this 
substance  in  beautiful  large  indigo-blue  crystals,  dissolved  in 
1000  grains  of  water,  with  an  increase  of  13*3  in  one  experi- 
ment and  13*0  in  another,  the  temperature  being  54  and  50°. 

I.  CuO,  SO3,  HO  +  2NH3,  vol.  in  solution     53-2 
'II.  ...  ...  ...  ...  52-0 

Mean     .     .     52-6 
61  "5  grains  of  this  salt  placed  in  the  solution  from  which 
it  had  crystallized,  caused  an  increase  of  34*3,  and  on  a  repe- 
tition of  the  experiment  of  34'4,  at  a  temperature  of  60°. 

I.  CuO,  SO3,  HO  +  2NH3,  vol.  of  salt     686  ...   1'793 
II.  ...  ...  ...  68-8  ...   1-788 

Mean     .     .     68-7  ...  1*790 
Sulphate  of  Copper  and  Sulphate  of  Potash,  CuO,  SO3  4-  KO, 
SO3  +  6HO  =  2'2]-31.— The  fourth  of  an  equivalent  (55-32 
grains)  dissolved  in  3140  grains  of  water  at  32°,  increased  to 
16-3,  and  at  72°  to  18*0. 

CuO,  SOa-f  KO,  SO34-6HO,  vol.  in  solution     72-0 
The  same  quantity  of  the  salt  placed  in  its  saturated  solu- 
tion, caused  an  increase  of  24*7  in  one  experiment  and  of  24*6 
in  a  second,  the  temperature  on  both  occasions  being  55°. 

Sp.  gr. 

I.  CuO,  SO3  +  KO,  SO3+6HO,  vol.  of  salt     98-8  .  2239 
II.  ...  ...  ...  ...  98-4  .  2-249 

Mean  .  .  98-6  .  2*244 
Sulphate  of  Copper  and  Sulphate  of  Ammonia,  CuO,  SO., 
-{-  NH^O,  SO;,  +  6HO  =  199*88.— On  dissolving  50  grains 
of  this  salt  in  1000  grains  of  water,  an  increase  was  occasioned 
in  the  first  experiment  of  20-2,  in  the  second  of  20-3,  both  at 
a  temperature  of  59°. 

I.  Sulphate  of  copper  and  ammonia,  vol.  in  solution    80*8 

II.  ...  ...  ...  ...  ...  ^'^ 

Mean     .     .     81*6 
On  immersing  the  same  quantity  in  a  saturated  solution,  an 
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increase  of  26*4  was  obtained  in  the  first  experiment,  and  of 
26'45  in  the  second,  both  at  a  temperature  of  59°. 

Sp.  gr. 

I.   CuO,  SO3  +  NH,0,S03  4-  6HO,  vol.  of  salt     105-6  ..  1-892 

II.  ...  ...  ...  ...  105-8  .    1-889 

Mean     .     .     105-7  ••  1-891 
Sulphate  of  Zinc  and  Sulphate  of  Potash,  ZnO,  SO3  +  KO, 
SO3  +  6HO  =  221-86.— The  fourth  of  an  equivalent  of  this 
salt  (.55-46  grains),  on  being  dissolved  in  1000  grains  of  water, 
increased  to  18  at  a  temperature  of  60°  in  two  experiments. 
I.  II.  ZnO,  SO3  4-  KO,  SO3  +  6H0,  vol.  in  solution     72. 
The  same  quantity  immersed  in  a  saturated  solution,  caused 
an  increase  also  in  two  experiments  of  24*7,  the  temperature 
being  56°. 

Sp.gr. 
I.  II.  Zn0,S03+K0,  S03  +  6HO,voI.  ofsalt     98-8     ...    2-245 

Sulphate  of  Zinc  and  Sulphate  of  Ammonia,  ZnO,  SO3  + 
NH4O,  SO3  +  6HO=  200.— On    dissolving    45    grains    of 
this  salt  in  1000  of  water,  an  increase  of  18*0  was  occasioned 
in  three  separate  experiments  at  a  temperature  of  58°. 

I.  II.  III.  ZnO,  SO3  +  NH4O,  SO3  +  6H0,  vol.  ia  solution     80 

On  adding  the  fourth  of  an  equivalent  (50  grains)  to  a  sa- 
turated solution,  an  increase  of  26*4  was  occasioned  in  the  first 
experiment,  and  of  26"3  in  the  second,  both  at  a  temperature 

of  55°. 

Sp.  gr. 
I.  Sulph.  zinc  and  ammonia,  vol.  of  salt    105*6   ...    1*894 

II 105-2    ...   1-901 

Mean     .     .    105-4    ...   1-897 

Sulphate  of  Magnesia  ajid  Sulphate  of  Potash,  MgO,  SO3 
+  KO,  SO3  +  6HO  =  202-29.— When  a  quarter  of  an  equi- 
valent of  this  salt  (50-57  grains)  is  dissolved  in  as  many  as 
3140  grains  of  water,  the  volume  at  32°  is  only  15*45,  but  is 
18  at  80°.     This  gives  for  the  salt  in  very  dilute  solution — 

MgO,  SO3  +  KO,  SO3  +  6HO,  vol.  in  solution    63  at  40° 

72  at  80° 

The  same  quantity  of  salt  after  immersion  in  a  saturated 
solution  gave  in  the  first  experiment  an  increase  of  24*3,  and 
in  the  second  of  24*4,  both  at  a  temperature  of  57°. 

Sp.  gr. 

I.  Sulph.  magnesia  and  potash,  vol.  ofsalt     97'2  .  2-081 

II.         ...  ...  ...  ...  9^  .  2-071 

Mean     .     .     97-4  .  2-076 
Sulphate  of  Magnesia  and  Ammonia,  MgO,  SO3  +  NH4O, 
SO3  +  6H6  =  181-12.— The  fourth  of  an  equivalent  (45-28 
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grains)  being  dissolved  in  1000  grains  of  water,  caused  an  in- 
crease of  20'0  at  60° ;  and  a  repetition  of  the  experiment  at  the 
same  temperature  gave  the  increase  20*1. 

I.  Sulph.  magnesia  and  ammonia,  vol.  in  solution     80*0 
II.  ...  ...  ...  ...  80-4 

Mean     .     .     80*2 

The  same  quantity  of  salt  placed  in  a  saturated  solution, 
gave  on  two  occasions  a  rise  in  the  stem  of  26*3  at  a  tempera- 
ture of  60°. 

Sp.  gr. 
I.  II.  Sulph.  magnesia  and  ammonia,  vol.  of  salt  105'2  .  r721 

Sulphate  of  Iron  and  Potash,  FeO,  SO3+KO,  SO3  +  6HO 
=  216*73. — The  eighth  of  an  equivalent  (2709  grains),  when 
dissolved  in  1000  of  water,  caused  an  increase  of  9  at  a  tem- 
perature of  65°. 

Sulph.  iron  and  potash,  vol.  in  solution     72. 

The  same  quantity  immersed  in  a  saturated  solution  occa- 
sioned a  rise  in  the  stem  in  two  experiments  12*3  at  a  tem- 
perature of  61°. 

Sp.  gr. 

I.  II.  Sulph.  iron  and  potash,  vol.  of  salt     98*4'    ...   2*202 
Sulphate  of  Iron  and  Ammonia,  FeO,  SO3  4-  NH4O  SO3 

4-  6HO  =  195*55. — On  dissolving  33*4'5  grains  of  this  salt  in 
1000  of  water,  the  increase  in  the  first  experiment  was  13*4, 
in  the  second  14,  both  at  a  temperature  of  59°;  a  third  expe- 
riment with  66*9  grains,  gave  the  increase  28  at  the  same  tem- 
perature. 

I.  Sulph.  iron  and  ammonia,  vol.  in  solution     78*3 
II.  ...  ...  ...  81*8 

III.  ...  ...  ...  81-8 

Mean     .     .     80*7 
48*89  grains  of  the  salt  being  projected  into  a  saturated  so- 
lution, caused  in  the  first  experiment  an  increase  of  26*4,  in 
the  second  of  26*5. 

Sp.  gr. 
I.  Sulph.  iron  and  ammonia,  vol.  of  salt     105*6  ...  1*851 

II.  ...  ...  ...  1060  ...  1*845 

Mean     .     .     105*8   ...   1*848 

In  the  la.st  section  we  gave  the  vohimes  occupied  by  those 
salts  which  did  not  occupy  any  space  of  themselves,  but  merely 
that  due  to  their  combined  water.  The  divisor  for  the  vo- 
lumes observed  in  solution  was  therefore  necessarily  9,  or  the 
fttomic  volume  of  water  itself.  Hut  in  this  section  we  have 
experimented  upon  salts  which  take  up  space  quite  inde- 
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pendent  of  their  water  of  crystallization,  even  when  they  con- 
tain water,  and  yet  the  most  interesting  result  follows,  that  the 
same  divisor,  9,  continues  for  the  volumes  ascertained  by  ex- 
periment. The  volumes  in  solution  of  the  salts  exammed, 
allowing  for  errors  of  observation,  are  therefore  always  mul- 
tiples of  9,— the  atomic  volume  of  water.  The  volumes  ot 
the  solids  are,  like  those  of  the  previous  section,  multiples  ot 
one  and  the  same  number,  that  number  being  also,  as  in  the 
former  case,  11  ;  but  the  ammonia  salts  do  not  arrange  them- 
selves under  this  divisor  for  reasons  which  will  be  explained 
presently.  The  averages  of  the  experiments  on  all  the  salts 
are  thrown  into  the  following  table,  into  which  is  also  in- 
troduced the  exact  numbers  which  would  have  resulted  had 
there  been  a  strict  accordance  with  the  law  obviously  indicated 
by  experiment. 

ABLE  VI.— Showing  the  volumes  of  certain  Sulphates  with  a  small  pro- 
portion of  Water  of  Hydration,  Anhydrous  and  Double  Sulpjiates^ 

Designation. 


Name. 


Formula. 


ilphate  of  potash  . . 
sulphate  of  potash, 
ilphate  of  amiDonia 
sulphate  of  am-\ 

moiiia J 

sulphate  of  soda... 
ainioniacal  sul- 1 
phate  of  copper  J 
ilphate  of  copper  \ 

and  potash J 

jlphate  of  copper  1 
and  ammonia...  f 
alphate    of    zinc  1 

and  potash j 

ulphate  of  zinc  1 
;  and  ammonia...  j 
ulphate  of  mag-1 

nesia  and  potash  J" 
ulphate  of  niag-\ 
nesia  &  ammonia  J 
ulphate    of    iron"! 

and  potash  J 

ulphate    of   iroul 

and  ammonia . . .  _| 
iulphate  of  nickel  1 

and  potash j 


KO,  SO3 

KO,  803+ HO,  SO3 

NII4O,  SO3  +  IIO 

NH4O,  S03+nO,  SO3 

NaO,  SOj+HO,  SO3 

CuO,  SOb1IO+2NH3 

CuO,  SO3  +  KOSO3 

+6110 

CuO,  SO3  +  NII4O,  1 

SO3  +  6H0        J 

ZnO,  SO3+KO,  SO3I 

+  G1I0  J 

Zu0,S08+NIl40,S03l 

+  6H0  J 

Mg0,S03+K0,  SO3 

+  6110 
MgO,  SO3  +  NII4O, 

SO3  +  6IIO 
FeO,  SO3  +  KO,  S03"l 
+  6110  J 

FeO,S03+NH40S03l 
+  6H0  I 

NiO,  SO3  +  KO,  SO3 
+  6H0 


480  Messrs.  Playfair  and  Joule  on 

The  correspondence  between  the  observed  and  calculated 
results  in  the  preceding  table,  as  far  as  regards  the  potash 
salts,  is  so  striking  as  to  remove  any  doubt  of  the  basis  upon 
which  the  calculations  are  made.  It  is  therefore  of  interest 
to  consider  the  results  indicated  by  the  table  a  little  more  in 
detail.  The  first  point  of  remark  is,  that  in  every  case  the 
ammoniacal  salt  has  one  volume  greater  in  solution  than  the 
corresponding  potash  salt.  Sulphate  of  potash  possesses  two 
volumes  in  solution  ;  sulphate  of  ammonia  divested  of  one  vo- 
lume for  its  atom  of  water  possesses  three.  These  volumes 
are  respectively  carried  through  the  whole  class  of  double 
sulphates.  The  volumes  of  these  double  sulphates  are  made 
up  of  the  sum  of  the  volumes  of  their  constituent  salts,  which 
appear,  therefore,  to  be  united  unchanged.  We  saw  in  the 
previous  section  that  the  magnesian  sulphates  dissolve  in  water 
without  increasing  its  bulk  more  than  is  due  to  their  water  of 
combination.  The  same  takes  place  in  their  double  sulphates, 
for  subtracting  the  volumes  of  the  atoms  of  water  which  have 
been  carried  by  the  sulphates  into  their  union  with  sulphate 
of  potash,  the  remainder  shows  the  volumes  belonging  to  the 
latter  salts,  as  indicated  by  direct  experiment.  This  is 
strikingly  exemplified  also  by  bisulphate  of  soda.  Sulphate 
of  soda  was  shown  in  the  last  section  to  possess  no  volume  in 
solution,  and  in  this  acid  salt  we  find  that  the  sulphate  of  soda 
has  in  solution  ceased  to  occupy  space,  for  the  resulting  vo- 
lume of  the  acid  salt  is  only  18  or  9  x  2,  which  is  the  atomic 
volume  of  sulphate  of  water,  as  ascertained  by  the  volume 
occupied  by  it  in  bisulphate  of  potash  and  bisulphate  of  am- 
monia, and  as  determined  also  by  a  calculation,  which  we  have 
made,  of  the  volume  occupied  by  hydrated  sulphuric  acid  in 
a  dilute  solution,  founded  upon  recorded  specific  gravities. 

Although  the  anmioniacal  sulphates,  on  account  of  their 
analogy  to  the  potash  salts,  have  been  introduced  into  the 
above  table,  it  is  obvious  that  the  numbers  representing  their 
volumes  are  too  wide  from  the  theoretical  numbers  to  be  con- 
sidered multiples  of  11.  Hydrated  sulphate  of  ammonia  af- 
fects four  volumes,  11  x  4,  but  the  anhydrous  salt  obeys  a 
different  law.  On  immersing  in  turpentine  3.3*1.5  grains  of 
anhydrous  NII,,0,  SO;,,  the  increase  was  196  and  19-.'5,  the 
mean  being  19*55  water-grain  measures.  This  gives  39*1  as 
the  vol.  of  the  equivalent,  and  9*8  x  4  =  39*2.  Anhydrous 
sulphate  of  anunonia  affects,  therefore,  4  vol.  of  ice;  and  the 
double  salts  consist  of  the  magnesian  sulphates  with  G  equiva- 
lents of  water  attached  to  an  equivalent  of  anhydrous  sulphate 
of  ammonia,  as  will  be  seen  from  the  following  table  of  their 
solid  volumes  and  .specific  gravities. 
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Name. 

Solid 
volume  by 
expe- 
riment. 

Solid 

volume  by 

theory. 

Specific 
gravity  by 
expe- 
riment. 

Specific 

gravity  by 

theory. 

39-1 
105-7 
105-4 
105  2 
105-8 

39-2    i     l-fi95 

1-691 
1-900 
1-901 
1-721 

1-858 

Sulphate  of  copper  and  ammonia 

105-2 
105-2 

1-891 

1-887 

Sulphate  of  magnesia  and  ammonia... 
Sulphate  of  iron  and  ammonia 

105-2 
105-2 

1-721 

1-848 

As  one  of  the  members  of  the  group  of  double  salts  here 
described  takes  up  no  space  of  itself,  it  became  of  importance 
to  ascertain  the  volume  of  the  salt  when  deprived  of  water, 
and  also  the  space  occupied  by  the  double  salt  reduced  to  the 
same  state.  In  this  examination  it  was  quite  unnecessary  to 
obtain  the  volumes  in  solution,  because  it  was  obvious  that 
salts  not  occupying  in  solution  a  greater  volume  than  that  due 
to  their  water  of  hydration,  would,  in  their  anhydrous  condi- 
tion, take  up  no  space  at  all.  In  fact,  we  had  ascertained  that 
not  only  was  there  no  increase  in  dissolving  such  salts  in 
water,  but  that  actually  there  was  a  contraction  if  the  water 
were  in  large  proportion  to  the  salt;  when  this  is  not  the  case, 
the  increased  expansibility  of  the  solution  prevents  the  con- 
traction being  observed. 

In  the  following  examination  will  be  found  almost  all  the 
salts  previously  described  in  their  hydrated  condition,  with 
the  exception  of  the  phosphates  and  arseniates,  which  we  re- 
serve for  another  paper. 

Sulphate  of  Magnesia ^  MgO,  S03= 60-86. — Half  an  equi- 
valent of  this  salt,  30*43  grains,  thrown  into  turpentine, 
caused  an  increase  of  irO;  but  in  a  second  experiment  the 
increase  was  11*5,  the  temperature  in  both  cases  being  65° 

Sp.  gr. 
MgO,  SOg,  vol.  of  salt     22-0     ...      2-766 

230     ...      2-646 
Mean     .     .     22-5     ...      2-706 

Sulphate  ofZinc^  ZnO,  S()3=  80-43. — Half  an  equivalent 
of  this  salt,  40-22  grains,  projected  into  turpentine,  caused  an 
increase  of  1 1-05  and,  in  another  experiment,  of  10-8. 

Sp.  gr. 

22-1      ...     3-639 

21-6      ...     3-723 

Mean     . 


ZnO,  SO.«  vol.  of  salt 


21-85 


,     3-681 

Sulphate  of  Copper,  CuO,  803=  79-88.— Half  an 
lent,   39"94  grains,  of  the  salt  placed  in   turpentine,  caused 
in  several  successive  experiments  an  increase  of  exactly  11-0. 


equiva- 
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Sp.  gr. 
CuO,  SO3,  vol.  ofsalt    22-0     ...     3*631 

Sulphate  of  Iron,  FeO,  S03  =  75'3. —  Half  an  equivalent  of 
this  salt,  37*65  grains,  caused,  in  two  experiments  with  the 
same  salt,  a  rise  of  12*0,  which  gives  for  ihe  equivalent  24*0 
and  a  specific  gravity  of  3*138. 

Sulphate  of  Cobalt,CoO,SOs— 77-69.— On  immersing  19'*2 
grains  of  this  salt  in  turpentine,  an  increase  of  5'5  was  ob- 
tained in  two  experiments ;  this  gives  for  the  equivalent  22*0, 
and  for  the  specific  gravity  3*531. 

Sulphate  q/' Soda,  NaO,  S03=7l*4'3. — On  throwing  a  whole 
equivalent  of  this  salt  into  turpentine,  the  increase  was  only 
27*5  in  several  successive  experiments,  which  gives  for  the 
specific  gravity  2*597.  Karsten  found  its  specific  gravity  to 
be  2*631,  a  result  approximating  to  our  own;  attention  is 
drawn  to  this  circumstance  because  both  results  are  anoma- 
lous. 

Sulphate  of  Silvei'i  AgO,  S03=156*4'8. — On  immersing  in 
turpentine  78*24'  grains  of  this  salt,  the  increase  was  14*7, 
which  gives  as  the  volume  of  the  equivalent  29*4,  and  a  specific 
gravity  of  5*322. 

Chromate  of  Silver,  AgO,  Cr03=  168*49.— The  fourth  of 
an  equivalent  of  this  salt,  42*12  grains,  gave  an  increase,  when 
thrown  into  turpentine,  of  7*3  in  two  successive  experiments. 
This  gives  29*2  for  the  volume  of  the  equivalent,  and  5*770  for 
the  specific  gravity  of  the  salt. 

Sulphate  of  Copper   and   Potash,    CuO,  SO3  +  KO,  SO3 

=  167*31. —  41*82  grains,  the  fourth  of  an  equivalent,  thrown 

into  turpentine,  caused  an  increase  of  14*9  in  one  experiment 

and  of  15*0  in  another,  the  temperature  in  both  cases  being 

54°. 

S|).  pr. 

CuO,  SOgH-KO,  SO3,  vol.  ofsalt     59*6     ...     2*807 

60*0     ...     2*788 
Mean     .     .     59*8     ...     2*797 
Sulphate  of  Nickel  and  Potash,  NiO,  SOg  +  KO,  SOg  = 
164*99. — 41*54  grains  caused  an  increase  of  14*2  in  one  ex- 
periment and  14*5  in  a  second,  the  temperature  in  both  cases 
being  54°. 

S|..  gr. 

NiO,  SOjj-f  KO,  SQj,  vol.  ofsalt    56'4     ...     2*925 
...      '  ...  57*5     ...     28*69 

Monn     .     .     56*95     ...     2*897 
Nulphate  of  Zinc  and  Potash,  ZnO,  SO.,  +  KO,  SOg  = 
167*80. — 41*96  graiuH,  the  fomili  of  an  e(|uivalent,  ))laced  in 
turpentine^  caused  an  increase  of  li'9  in  two  experiments. 
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Sp.  gr. 
ZnO,  SOg  +  KO,  SO3,  vol.  of  salt    59-6    ...   2-816 
Sulphate  of  Magnesia  and  Potash,  MgO,  SO3  +  KO,  SO3 
=  148-29. — 37*07   grains,   or  the    fourth    of  an    equivalent, 
caused  in  one  experiment  an  increase  of  13*9,  and  in  a  second 
of  13-8,  the  temperature  being  55°. 

Sp.  gr. 
MgO,  SOg +  KO,  SOg,  vol.  of  salt     55-6     ...     2-667 

55-2     ...     2-686 
Mean     .     .     JE^^     ...     2-676 

Sulphate  of  Manganese  and  Potash,  MnO,  SOg  +  KO,  SOg 
=  163-07. — 40-8  grains  of  this  salt,  one-fourth  of  an  equiva- 
lent, placed  in  turpentine,  caused  an  increase  of  13-5  in  one 
experiment  and  13"6  in  another,  at  a  temperature  of  55°. 

Sp.  gr. 
MnO,  SO3+KO,  SO3,  vol.ofsalt     54-0     ...     3-020 

54-4     ...     2-996 
Mean     .     .     54k2     ...     3-008 

Sulphate  of  Copper  and  Ammonia,  CuO,  SO3+NH4O,  SOg 
=  145-88. — 36-53  grains  of  this  salt  thrown  into  turpentine, 
caused  an  increase  of  16-7  in  one  experiment  and  16' 6  in  an- 
other, at  a  temperature  of  60°. 

I.  Sulphate  of  copper  and  ammonia 
II 

Mean     .     .     66*4    ...  2-197 

Sulphate  of  Zinc  and  Ammonia,  ZnO,  SO3  +  NH4O,  SOg 
=  ]  46-0. — 30  grains  of  this  salt  thrown  into  turpentine,  caused 
an  increase  of  13*5  at  60°. 

Sp.  gr. 
Sulphate  of  zinc  and  ammonia,  vol.  of  salt     65*7  ...  2-222 
Sulphate  of  Magnesia  and  Ammonia,  MgO,  SOg  +  NH40» 
SO3  =  127-12. — The  fourth  of  an  equivalent  (31-78  grains) 
placed  in  turpentine,  caused  an  increase  of  16-5  in  the  first 
experiment,  and  of  16*4  in  the  second. 

Sp.gr. 

I.  Sulphate  of  magnesia  and  ammonia     66-0    ...  1*926 

II  ...  ...  ...  Q5'Q   ...   1-938 

Mean     .     .     65-8    ...   1-932 

Stdphate  of  Alumina,  Al2033S03=171*95. — This  salt,  and 
the  anhydrous  alums,  offer  difficulties  to  the  correct  estima- 
tion of  their  specific  gravity  on  account  of  their  great  porosity 
and  liability  to  carry  down  air.  The  best  mode  of  obviiiting 
this  source  of  error  is  to  introduce  a  metallic  wire  previously 


Sp.  gr. 

66-6    . 

..  2-190 

66-2    . 

..  2-204 
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moistened  with  turpentine  into  the  volumenometer,  and  employ 
this  to  bieak  the  numerous  air  bubbles  which  arise  on  im- 
mersing the  salts.  The  following  estimations  were  taken  with 
great  care,  but  from  this  source  of  error  may  possibly  be  in- 
accurate. 

The  eighth  part  of  an  equivalent  (21 '49  grains),  immersed 
in  turpentine  and  treated  as  described  above,  gave  results 
varying  from  9*8  to  lO'O,  the  mean  result  being  9*9. 

Sp.  gr. 
AlgOgSSOg,  vol.  ofsalt     79-2     ...     2-171 

Sulphate  of  Alumina  and  Potash^  Al^OgSSOy  +  KO,  SO3 
=  259*36. — The  eighth  part  of  an  equivalent  (32*42  grains) 
of  anhydrous  alum,  immersed  in  turpentine  and  treated  as 
described  in  the  case  of  sulphate  of  alumina,  gave  an  increase 
of  14*5  and  14*6  in  two  experiments. 

Sp.  gr. 
I.  Alum,  vol.  of  salt     116*0    ...  2*236 

II 116*8    ...  2*220 

Mean     .     .     116*4    ...    2-2ii8 

Ammonia  Alum,  AI2O33SO3  +  NH4O,  803  =  238-2.— The 
eighth  part  of  an  equivalent  of  this  salt  (29*77  grains),  treated 
as  in  the  previous  cases,  gave  an  increase  of  14*6  in  two  ex- 
periments. 

Sp.  gr. 
Ammonia  alum,  vol.  of  salt     116*8     ...     2*039 

Carbonate  ofSoda^  NaO,  C02  =  53*47. — The  equivalent  of 
this  salt,  thrown  into  turpentine,  gave  an  increase  of  exactly 
22*0,  which  makes  its  specific  gravity  2*430. 

Chloride  of  Magnesium ^  MgCl  =  48*I2. — The  anhydrous 
chloride  of  magnesium  used  in  the  experiment  was  made  by 
saturating  equal  portions  of  muriatic  acid  with  magnesia  and 
ammonia,  mixing  together,  evaporating  to  dryness,  and  heat- 
ing to  redness. 

Half  an  equivalent  (24*06  grains),  thrown  into  turpentine, 
caused  an  increase  of  11*0  in  one  experiment  and  of  11*1  in 

a  second. 

Sp.  gr. 

I.  MgCl,  vol.  of  salt     22*0   ...  2-187 

II 22^2^  ...  2-167 

Mean     .     .     22*1    ...  2*177 

Chloride  of  Calcium^  CaCl  =  55*92. — This  salt  was  ren- 
dered anhydrous  by  fusing  it  in  a  platinum  crucible  for  some 
time*  28  grains  of  the  fused  salt,  tiirown  into  turpentine, 
canted  an  increase  of  1 1*3  at  a  temperature  of  63''. 
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CaCl,  vol.  of  salt     22'5 


Sp.  gr. 
2-480 


Chloride  of  Cobalt,  CoCl  =  65*0. — On  throwing  the  fourth 
of  an  equivalent  (16*25  grains)  of  anhydrous  chloride  of  cobalt 
into  turpentine,  an  increase  of  B'5  was  obtained  in  two  experi- 
ments, and  of  5*6  in  a  third  trial. 


I.  CoCl,  vol.  of  salt 

II 

Ill 

Mean     .     . 


22*0 
22*0 
22*4 

22*13 


Sp.  gr. 
2*954 
2*954 
2*902 

2*937 


Table  VII. — Showing  the  volume  occupied  by  certain  Hy- 
drated  Salts  rendered  Anhydrous. 


Designation. 

Volumes  of  anhydrous  salts. 

11 

S 

>. 

Name. 

Formula. 

=  1 

It 

.o    . 

!l 

1 

< 

Is 

S  3 

u 

Is 

Sulphate  of  magnesia 

MgO,  SO3 

60-86 

22-5 

2 

22 

2-766 

2-706 

Sulphate  of  zinc 

ZnO,  SO3 

80-43 

21-85 

2 

22 

3-656 

3-681 

Sulphate  of  copper... 

CuO, SO3 

79-88 

22-0 

2 

22 

3-631 

3-631 

Sulphate  of  iron 

FeO,  SO3 

75-3 

24-0 

2 

22 

3423 

3-138 

Sulphate  of  cobalt . . . 

CoO,  SO3 

77-69 

22-0 

2 

22 

3-531 

3-531 

Sulphate  of  soda 

NaO,  SO3 

71-43 

27-5 

... 

2-597 

Sulphate  of  silver  ... 

AgO.SOg 

156-48 

29-4 

... 

... 

5-322 

Chroniate  of  silver... 

AgO.CrOg 

168-49 

29-2 

... 

... 

5-770 

Sulphate  of  alumina . 

AI2  O3  3SO3 

171-95 

79-2 

... 

... 

... 

2-171 

Sulphate  of  copper  \ 
and  potash  j 

CuO,S03-fKO,S03 

167-31 

59-8 

5 

55 

3-042 

2-797 

Sulphate  of  nickel  1 
and  potash  j 

NiO.SOa+KO.SOg 

164-99 

56-95 

5 

55 

2-998 

2-897 

Sulphate    of    zinc  \ 
and  potash  J 

ZnO,  SOg-t-KO,  SO3 

167-86 

59-6 

5 

55 

3-034 

2-816 

Sulphate  of  mag- 1 
nesia  and  potash  J 

Mg0,S03+K0,S03 

148-29 

55-4 

5 

55 

2-694 

2-676 

Sulphate  of  manga- 1 
nese  and  potash.  J 

MnO,  S03-f-K0,  SO3 

163-07 

54-2 

5 

55 

2-964 

3-008 

Sulphate  of  copper  1 
and  ammonia  ...  j 

CuO,  SOa-f  NH4O,  SO3 

145-88 

66-4 

6 

66 

2-192 

2197 

Sulphate    of   zinc  1 
and  ammonia  ...  J 

ZnO,  SO3+NH4O,  SOj 

1460 

65-7 

6 

66 

2212 

2-222 

Sulphate  of  niagne-  \ 
sia  and  ammonia  J 

MgO,  SO3+NH4O,  SO3 

127-0 

65-8 

6 

66 

1-924 

1-932 

Potash  alum   

Al.i03  3S03+KO,S03 
AU03,3S03+NH40S03 

259-36 

116-4 

2-228 

Ammonia  alum  

238-2 

116-8 

•  •• 

... 

2-039 

Carbonate  of  soda  ... 

NaO,  CO2 

53-47 

22-0 

2 

22 

2-427 

2-427 

Chloflde  of  cobalt  ... 

Co,  CI 

65-0 

22-1 

2 

22 

2-955 

2-937 

Chloride  of  magne-  "1 

slum J 

Chloride  of  calcium  . 

Mg,Cl 

48-12 

221 

2 

22 

2-187 

2177 

Ca,Cl 

55-92 

22-5 

2 

22 

2-542 

2-485 
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The  preceding  table  exhibits  various  points  of  great  interest 
as  regards  isomorphism.  Hydrogen  has  for  a  long  time  been 
recognised  by  chemists  as  equivalent  to  a  magnesian  metal; 
and  hence  the  sulphate  of  a  metal  of  this  class  should  possess 
the  volume  of  sulphate  of  water.  The  volume  of  bisulphate 
of  potash  is  55*0  by  experiment,  which  leaves  22*0  for  that  of 
sulphate  of  water,  on  deducting  the  volume  of  sulphate  of 
potash,  which  is  33-0;  and  the  same  result  follows  when  the 
volume  of  sulphuric  acid  is  deduced  from  bisulphate  of  soda, 
if  we  suppose  the  sulphate  of  soda  to  enter  that  salt  with  two 
volumes.     Thus  we  have — 

Sulphate  of  water     .     .     .     .  =  22-r-ll  =  2 
Sulphate  of  a  magnesian  oxide=  22  -f-  11  =2 

We  now  see  that  bisulphate  of  potash  (sulphate  of  water 
and  sulphate  of  potash)  is  exactly  equivalent  to  the  double 
sulphates  of  the  magnesian  class.      {Vide  Section  V.) 

Bisulphate  of  potash  (HO,  SO3  +  KO,  803)  =  55 

Sulphate  of  magnesia  and  potash(  MgO,  SO3  +  KO,  SOg)  =  55. 

It  is  now  comprehensible  why  bisulphate  of  soda  should 
have  a  volume  of  44<'0  in  the  solid  state  and  only  of  18*0  in  a 
state  of  solution;  because  sulphate  of  soda  which  assumes  a 
volume  in  the  solid  state  becomes  added  to  the  same  volume 
possessed  by  sulphate  of  water,  while  in  the  state  of  solution 
the  proper  volume  of  sulphate  of  soda  disappears  altogether. 

Bisulphate  of  ammonia  possesses  a  volume  due  to  a  com- 
bination of  sulphate  of  water  and  sulphate  of  ammonia,  with 
a  volume  of  11x4,  and  it  will  be  observed  that  the  same 
result  attends  the  double  sulphates  of  the  magnesian  metals 
witli  sulphate  of  ammonia. 

Bisulphate  of  ammonia  (NH4O,  SO3  +  HO  S03)=66 
Sulphateofammoniaandcopper(NH40,S03  4-CuO,S03)=66. 

The  cause  of  this  singidar  result  is  in  the  mutual  conver- 
tibility of  the  primitive  volumes  98  and  11. 

It  is  very  curious  to  observe  the  large  number  of  volumes 
which  have  disappeared  when  the  salt  combines  with  water. 
Thus  sulphate  of  alumina  in  its  anhvilrous  state  possesses  a 
bulk  equal  to  79*2,  which  has  ceased  to  occupy  space  in  the 
hydrated  Halt ;  and  still  more  remarkable  instances  of  this  are 
seen  in  the  alums,  which  add  to  this  the  volumes  of  their  alka- 
line sulphates.  A  curious  result  obtained  in  the  examination 
of  the  hydrated  alums  is  now  explicable.  We  found  that  the 
potash  alums  took  up  in  solution  only  the  space  due  to  their 
wotcr ;  but  that  the  space  occupied  by  them  in  the  state  of 
salts  was  one  volume  in  addition  to  this  quantity.    In  the  pre- 
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ceding  section  we  observed  that  sulphate  of  potash  possessed 
the  singuhir  property  of  expanding  one  volume  in  becoming 
solid;  9  X  2  in  a  state  of  solution  becoming  11  x  3  in  the 
state  ot  a  salt.  It  is  impossible  to  refrain  from  accepting  this 
as  an  explanation  of  the  increase  of  one  in  the  quotient  ob- 
tained by  dividing  the  volumes  by  their  proper  numbers  9 
and  11 — 24  x  9  becoming:  25  x   11. 

The  difficulties,  to  which  we  have  already  alluded,  prevent 
us  placing  much  confidence  in  our  results  for  the  anhydrous 
alums.  Sulphate  of  alumina  seems  to  affect  eight  volumes  of 
ice,  9*8  X  8  =  78*4;  in  ammonia  alum  the  latter  becomes 
united  to  the  volume  of  anhydrous  sulphate  of  ammonia, 
9*8  X  8  +  9*8  X  4  =  117*6;  while  potash  alum  should  con- 
sist of  9*8  X  8  +  11  X  3  =  111*4.  It  is  unnecessary  to  re- 
mark that  these  theoretical  numbers  possess  only  an  approx- 
imation to  our  experimental  results.  {Fide  remarks  on  Sec- 
tion V.) 

The  sulphates  of  soda  and  silver  and  the  corresponding 
chromate  are  also  obviously  exceptions  to  the  general  rule  of 
the  solid  volume  being  multiples  of  1 1.  But  in  the  last  section 
we  had  similar  exceptions  in  salts  which  ranged  themselves 
under  9*8  or  the  volume  of  ice.  The  sulphates  now  under 
consideration  have  the  same  divisor,  if  sulphate  of  soda  be  not 
considered  an  exception,  as  the  variation  is  decidedly  too  great 
to  be  attributed  to  a  mere  error  of  experiment ;  it  ought  how- 
ever to  be  observed  that  Mohs  gives  for  the  specific  gravity 
of  this  salt  2*462,  a  number  much  more  in  accordance  with 
theory  than  our  own  result ;  but  as  our  experiments  have  been 
often  repeated,  they  may  perhaps  be  viewed  as  an  argument  in 
favour  of  an  opinion,  deduced  from  other  considerations,  that 
sulphate  of  soda  has  a  double  atom  27*5  x  2  =  55,  which 
is  11  X  S. 


Name. 

>  g 

ll 

.a 

l| 

o'S 

It 

It 

a. 

ij 

II 

Sulphate  of  soda    !  27-5    3      29-4 

Sulphate  of  silver 29-4,    3      29*4 

Chroraate  of  silver 292    3      29-4 

2-430 
5-322 
5-711 

2-597 
5-322 
5-770 

Section  III. 

Nitrates,  ^c. 

The  nitrates  do  not  in  general  affect  a  large  proportion  of 
water  of  hydration,  and  are  therefore  well-calculated  to  show 


49-0     .. 
48-8     .. 
49-0     .. 

Sp.  gr. 
.      2-067 
.      2-075 
.      2-067 

48-9     .. 

.      2-070 
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the  volume  occupied  by  anhydrous  salts.    It  will  be  observed 
that  they  present  some  peculiarities. 

Nitrate  of  Potash,  KO,  NO5=101-3.— -The  half  of  an  equi- 
valent of  this  salt,  50'65  grains,  being  disjjolved  in  1000  grs. 
of  water,  gave  an  increase  of  1 8*05  at  45°. 

KO,  NO5,  vol.  in  solution     36-1 

The  same  quantity  of  salt,  50-65  grains,  thrown  into  tur- 
pentine, caused  a  rise  in  the  stem  of  24*5,  24-4,  24-5  in  three 
successive  experiments. 

I.  KO,  NO5,  vol.  of  salt 
II. 

Ill 

Mean     .     . 

Nitrate  of  Ammonia^  NH4O,  NO5=80"3. — The  volume  of 
nitrate  of  ammonia  in  solution  was  determined  by  dissolving 
'10'15  grains  of  this  salt  in  1000  grains  of  water.  In  one  ex- 
periment the  increase  in  the  stem  was  22-5,  the  temperature 
being  57°;  in  a  second  the  rise  was  23'0  at  63°. 

I.  NH4O,  NO5,  vol.  in  solution     450 

II.  ...  ...  460 

Mean     .     .     45-5 

Half  an  equivalent  of  this  salt,  well-dried  (40*15  grains), 
on  being  immersed  in  turpentine  produced  an  increase  in 
three  experiments  of  24-7,  24-5,  24*5. 

I.  NH4O,  N05,vol.  ofsalt 
II. 
III. 

Mean     .     .49-1     ...      1-635 

Nitrate  of  Soda,  NaO,  N05=  85-45.— On  dissolving  85-45 
grains,  or  one  equivalent,  of  this  salt  in  1000  grains  of  water, 
an  increase  of  27-1  was  obtained,  the  temperature  being  59° ; 
but  on  repetition  of  the  experiment  at  the  same  temperature 
the  increase  was  only  26*0. 

I.  NaO,  NO5,  vol.  in  solution     27' I 
II.  ...  ...  26-0 

Mean     .    .     *26'S 

The  half  of  an  equivalent  of  this  salt,  42*72  grains,  well- 
dried,  produced  an  increase  on  being  thrown  into  turpentine 
of  19*6  in  three  experiments  and  19*5  in  u  fourth  trial. 


49-4     .. 

Sp.gr. 
.       1-625 

49-0     .. 

.       1-639 

49-0     .. 

.       1-639 
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I. 
II. 

NaO,  NO5  vol.  of  salt 

39-2     . 
39-2     . 

Sp.  gr. 
..     2-180 
..     2-180 

III. 

••• 

39-2     . 

..     2-180 

IV. 

.  ,t            ••• 

39-0     . 

..     2-190 

Mean     .     . 

39-1 

2-182 

Nitrate  of  Silver,  AgO,  NO5  =  170-0.— On  dissolving  42-5 
grains  of  this  salt  in  1000  grains  of  water,  an  increase  of  6-8 
was  effected  at  a  temperature  of  59°. 

AgO,  NO5,  vol.  in  solution     27-2. 

The  same  quantity  of  salt,  4-25  grains,  thrown  into  turpen- 
tine, produced  an  increase  of  9-8. 

Sp.  gr. 
AgO,  N05  vol.  of  salt     39-2     ...     4-336 

Nitrate  of  Lead,  PbO,  N05=165-75.— This  salt  gives  very 
unsatisfactory  results  on  being  dissolved  in  water;  at  low 
temperatures  the  volume  for  the  atom  is  equal  to  nearly  18*0, 
or  9  X  2.  But  at  higher  temperatures  the  volume  in  solution 
approaches  nearly  to  27-O,  or  9  x  3  ;  and,  although  the  re- 
sults do  not  come  out  exact,  unless  corrected  for  expansion, 
we  are  inclined  to  view  the  latter  as  the  true  result.  83  grs. 
dissolved  in  water  gave  an  increase  of  12-5  ;  in  a  second  ex- 
periment of  12-7,  both  at  a  temperature  of  65°. 

PbO,  NO5,  vol.  in  solution     25-0 

25-4 
Mean     .     .     25-2 
The  fourth  part  of  an  equivalent,  41-43  grains,  immersed  in 
turpentine,  gave  an  increase  of  9-7  ;  82-87  grains  gave  the  in- 
crease 19-2;  and  in  a  third  experiment  19-0. 

I.  PbO,  NO5,  vol.  of  salt 
II. 
III. 

Mean     .     .     38-4     ...     4*316 

Nitrate  of  Barytes,  BaO,  NO5=130-85.— Half  an  equiva- 
lent of  this  salt,  65-42  grains,  dissolved  in  1000  grains  of 
water  with  an  increase  of  13-5  at  a  temperature  of  60°;  and 
a  repetition  of  the  experiment  was  attended  with  the  same 
result. 

BaO,  NO5,  vol.  in  solution     27"0. 

The  same  quantity  of  salt,  immersed  in  turpentine,  caused 
an  increase  of  19-8  in  three  experiments,  and  20-0  and  20*2 
in  two  other  experiments ;  the  salts  being  all  different  speci- 
mens, and  decrepitated  previously  to  the  experiment. 
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Sp.  gr. 

38-8     . 

..      4-272 

38-4     . 

..     4-316 

38-0     . 

.     4-362 

Sp.  gr. 

39-6     ., 

,.     3-304 

39-6     .. 

..     3-304 

39-6     . 

..     3-304 

40-0     . 

..     3-271 

40-4     . 

..     3-238 
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I.  BaO,  NO5,  vol.  of  salt 

II 

Ill 

IV 

V. 

Mean     .     .     39-84  ...     3-284 

Nitrate  of  Strontia  =  106  0. —  Half  an  equivalent  of  this 
salt,  53  grains,  was  dissolved  in  1000  grains  of  water,  with  an 
increase  of  13*0,  the  temperature  being  62°;  106  grains  dis- 
solved in  1000  grains  of  water,  with  an  increase  of  27*0  at  a 
temperature  of  63°. 

I.  SrO,  NO5,  vol.  in  solution     26-0 
II 27-0 

Mean     .     .     26-5 

53  grains  immersed  in  turpentine  gave  an  increase  of  19*6; 
and  this  result  was  confirmed  by  a  second  experiment. 

Sp.  gr. 
SrO,  NO5,  vol.  of  salt     39*2     ...     2-704 

Nitrate  of  Black  Oxide  of  Mercury,  HggO,  NO5  +  2H0 
=  282-0. — This  salt,  in  heautiful  large  transparent  crystals, 
was  dissolved  in  water  containing  nitric  acid,  to  prevent  the 
formation  of  a  subsalt ;  70*5  grains  thus  treated  caused  an  in- 
crease of  13*5. 

Protonitrate  of  mercury,  vol.  in  solution     54-0 

On  immersing  the  same  quantity  of  salt  in  turpentine,  the 
increase  in  three  experiments  was  14*8,  14-7,  Q^d  14-7. 

I.  Protonitrate  of  mercury,  vol.  of  salt 

II ^     ... 

III.  

Mean     .     .     58-9     ...     4-785 

Nitrate  of  Cop/icr,  CuO,  NO^  +  3HO  =  120-8.— Half  an 
equivalent  (60-4  grains)  dissolved  in  1000  grains  of  water 
with  an  increase  of  22-4  at  60°,  and  in  a  second  experiment 
of  22-6 ;  in  a  third  experiment,  30-2  grains,  dissolved  in  the 
same  (juantity  of  water,  gave  an  increase  of  11-4. 

I.  CuO,  NOfi,  vol.  in  solution     44*8 
n.  ...  ...  45-2 

III.  ...  ...  45-6 

Mean     .     .     45*2 

In  two  experiniunts,  GO'4  grainit  thrown  into  turpentine 


Sp.  gr. 

59-2     . 

..     4-763 

58-8     . 

..     4-796 

58-8     ., 

..     4-796 
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caused  an  increase  of  29*5,  which  gives  for  an  equivalent  of 
the  salt  the  volume  59*0,  and  a  specific  gravity  2*047. 

Nitrate  of  Magnesia,  MgO,  NO5  +  6HO  =  128-8. — The 
fourth  part  of  an  equivalent  of  crystallized  nitrate  of  magnesia 
(3 2 '2  grains)  dissolved  in  1000  grains  of  water  at  60°,  with 
an  increase  of  18*1  and  18*3  in  two  experiments. 

I.  MgO,  NO5  +  6HO,  vol.  in  solution     73-2 
II.  ...  ...  ...  72-4 

Mean     .     .     72-8 

The  same  quantity  thrown  into  turpentine  produced  an 
increase  of  22*0,  which  gives  for  the  volume  of  an  equivalent 
of  the  salt  88*0,  and  for  its  specific  gravity  1*464. 

Nitrate  of  Bismuth,  BiO,  NO5  +  3H0  =  160*33.— This 
salt,  being  decomposed  when  thrown  into  water,  is  not  fitted 
for  determining  volume  by  solution;  but  when  80*16  grains 
were  thrown  into  turpentine,  the  increase  was  obtained  in  two 
experiments  of  29*2  and  of  29*4. 

Sp.  gr. 

I.  BiO,  NO5  +  3HO,  vol.  of  salt     58*4     ...     2*745 
II.         ...  ...  ...  58^     ...     2*727 

Mean     .     .     58*6     ...     2*736 

Basic  Nitrate  of  Mercury,  2HgO,  NO5  +  2HO  =  291*0. 
— This  salt  cannot  be  dissolved  in  water  without  the  forma- 
tion of  a  subsalt,  unless  the  water  is  used  in  small  propor- 
tion ;  it  is  therefore  unfitted  for  our  experiments,  as  far  as 
regards  the  volume  in  solution.  On  immersing  68*7  grains 
in  turpentine,  an  increase  of  16*2  was  obtained  in  two  suc- 
cessive experiments.  This  gives  68*6  as  the  volume  of  the 
equivalent,  and  a  specific  gravity  of  4*242, 

Basic  Nitrate  of  Lead,  2PbO,  NO5  =  277*72.— This  salt 
is  so  insoluble,  that  it  is  difficult  to  determine  its  volume  in  so- 
lution with  any  great  degree  of  accuracy.  The  sixteenth  part 
of  an  equivalent  dissolved  in  1000  grains  of  water  gave  an 
increase  of  2*6,  which  seems  to  indicate  a  volume  of  9  x  5. 

69*43  grains,  being  immersed  in  turpentine,  gave  an  in- 
crease of  12*3  in  several  experiments. 

Sp.  gr. 
Basic  nitrate  of  lead,  vol.  of  salt     49*2     ...     5*645 

The  same  multiple  relation  of  9  is  carried  through  all  the 
salts  of  this  class  dissolved  in  water.  The  divisor  for  the 
solid  volume  is,  however,  different  from  the  salts  of  the  pre- 
vious sections.  Exceptional  cases  were  pointed  out  in  their 
examination,  in  which  9*8,  or  the  volume  of  ice,  became  the 
divisor;  and  in  the  present  group  of  salts  we  observe  a  won- 
derful uniformity  in  this  respect. 

2K2 
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Tablk  VIII. — Showing  the  volumes  occupied  by  certain  Nitrates. 


Designation. 

Volume  in 
solution. 

Volum* 

in  state  of  salt. 

ij. 

*"  *i 

"S 

t- 

fi-tj 

Name. 

Formula. 

Atomic 
weight. 

■^1 

a 
1 

en 

.a    . 

II 

> 

I' 
ll 

00.- 

6> 

It 

2-067 

ll 

1! 

2070 

Nitrate  of  potash  ...'        KO,  NO5 

101-3 

361 

4 

36 

48-9 

5 

490 

Nitrate  of  ammonia        NH4O,  'SO^ 

80-3 

45-5 

5 

45 

49-1 

5 

49-0 

1-639 

1-635 

Nitrate  of  soda ^        NaO,  NO5 

85-45 

26-5 

3 

27 

391 

4 

39-2 

2-180 

2-182 

Nitrate  of  silver  . . . .  ■        AgO,  NO5 

1700 

27-2 

3 

27 

39-2 

4 

39-2 

4-336 

4-336 

Nitrate  of  lead PbO,  NOj 

165-75J  25-4 

3 

27 

38-4 

4 

39-2 

4-228 

4-316 

Nitrate  of  bar\tes  . .         BaO,  NO5 

130-85!  270 

3 

27 

39-8 

4 

392 

3-338 

3-284 

Nitrate  of  strontia ..          SrO,  NO5 

106-0 

26-5 

3 

27 

39-2 

4 

39-2 

2-704 

2-704 

Nitrate  of  black  "1  :  .,„  p.  -.yn    1  otja 
oxideofmercurv  1 1  "82O,  ^0^+2110 

2820 

540 

6 

54 

58-9 

6 

58-8 

4-796 

4-785 

^mL;;rr'..^'}'2"sO,NO,+2HO 

2910 

... 

68-6 

7 

68-6 

4-242 

4242 

^kad"""^'*"   °^[         2PbO,N05 
Nitrate  of  bismuth  .'  BiO,  NOs+SHO 

277-72 

... 

... 

49-2 

5 

490 

5-667 

5-645 

160-33'  ... 

58-6 

6 

58-8 

2-727 

2-736 

Nitrate  of  copper...:  CuO,  NOj+SHO 

120-8    45-2 

5 

45 

590 

6 

58-8 

2-054 

2047 

Nitrate  of  magnesia  MgO,  NO5+6HO 

128-8    72-8 

8 

72 

880 

9 

88-2 

1-460 

1-464 

It  is  almost  superfluous  to  offer  any  remarks  upon  this 
group  of  salts,  especially  as  we  shall  have  to  consider  several 
of  them  in  a  future  section.  It  cannot  escape  attention,  that 
the  nitrates  of  soda,  silver,  lead,  strontia  and  bary  tes  possess 
the  same  atomic  volume,  as  might  have  been  expected  from 
the  isomorphism  of  several  of  them.  Nitrates  of  soda  and 
potash  do  not  possess  the  same  atomic  volume,  and  therefore 
their  alleged  isomorphism,  deduced  from  the  observation  by 
Frankenheim*  of  microscopic  crystals  of  nitrate  of  potash 
similar  to  those  of  nitrate  of  soda,  is  highly  questionable.  The 
principal  exception  to  the  volumes  of  the  nitrates  now  de- 
scribed being  multiples  of  ice  is  that  of  nitrate  of  lead,  which 
has  a  volume  of  38*4,  instead  of  39*2  ;  but  this  must  be  due 
to  the  nature  of  the  salt,  which  comes  out  as  unsatisfactorily 
in  a  state  of  solution  as  in  the  solid  state. 


Section  IV. 
Chlorides,  Bromides  and  Iodides. 

Chloride  of  Potassium,  KCl  =  74* 7* — t)n  dissolving  37*5 
grainH  ot  this  salt  in  lOiX)  grains  of  vatcr,  the  increase  was 
18'3  at  a  temperature  of  .')7  ;  a  second  cxi)eriment  with  the 

*  Po|{gcndurfl"i  Ann,,  vol.  xl.  p.  447> 
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same  quantity  gave  the  increase  13*5  at  58°;  and  a  third  ex- 
periment gave  13*7  at  65°. 

I.  KCl,  vol.  in  solution     26*5 
II.         ...  ...  26-8 

III 27-2 

Mean     .     .     26-8 
The  whole  of  an  equivalent  thrown  into  turpentine  (the 
salt  having  been  decrepitated)  increased  39*6,  and  39*3  in  two 
experiments.    Half  an  equivalent,  37'35  grains,  caused  a  rise 
in  the  stem  of  19*6  in  two  experiments. 


Sp.  gr. 

I. 

KCl,  vol.  of  salt    39-6     . 

.     1-887 

II. 

39-3     . 

.     1-900 

III. 

39-2     . 

.     1-905 

IV. 

39-2     . 

.     1-905 

Mean     .     .     39-3     ...     1-900 
Chloride  of  Ammonium,'^Yl^Q\—5^'QQ. — Half  an  equiva- 
lent, 26-83  grains,  dissolved  in  1000  grains  of  water  with  an 
increase  of  17*5  at  a  temperature  of  60°;  in  two  other  expe- 
riments at  63°,  the  increase  was  18*0. 

I.  NH4  CI,  vol.  in  solution     35-0 
II.  ...  ...  36-0 

III.  ...  ...  36-0 

Mean     .     .     35*7 
Our  experiments  on  the  specific  gravity  of  this  salt  gave 
1-578  as  an  uniform  result,  indicating  a  volume  of  34-0. 

Bromide  of  Potassium,  KBr  =  11 7-6. — The  fourth  part  of 
an  equivalent,  29-4  grains,  on  being  dissolved  in  water  at  49°, 
gave  in  two  experiments  an  increase  of  7'2 ;  which  gives  for 
the  volume  of  the  salt  in  solution  28*8.  The  same  quantity 
of  salt,  immersed  in  turpentine  at  63°,  caused  an  increase  of 
ll'O  in  two  experiments. 

Sp.  gr. 
KBr,  vol.  of  salt     44-0     ...     2-672 

Iodide  of  Potassium,  KI  =  165-82. — This  salt  was  decre- 
pitated, and  on  dissolving  41-5  grains  gave  an  increase  of 
11-0  at  57°;  a  second  experiment  with  83  grains  gave  an  in- 
crease of  22-0  at  55°. 

I.  KI,  vol.  in  solution    44 

II 4^ 

Mean     .     .     44 
On  projecting  41-45  grains  of  this  salt,  previously  decrepi- 
tated, into  turpentine,  an  increase  of  13-6  and  13-5  was  pro- 
duced in  two  successive  experiments. 
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Sp.  gr. 
I.  KI,  vol.  of  salt     54-4     ...     3-048 

II 54-0     ...     3-070 

Mean  .  .  54-2  ...  3-059 
Chloride  of  Sodium,  NaCl=  58-78. — The  whole  of  an  equi- 
valent of  this  salt,  previously  decrepitated,  dissolved  in  1000 
grains  of  water  at  60°  with  a  rise  of  18-0;  and  in  a  second 
experiment  of  18-2  ;  in  a  third  experiment  118  grains  of  salt 
were  dissolved  in  1000  grains  of  water  at  62°  with  an  increase 
of  38-0. 

I.  NaCl,  vol.  in  solution     18-0 

II 18-2 

III 18-9 

Mean  .  .  18-3 
80  grains  of  salt  were  treated  as  described  (page  457),  in 
the  mercurial  volumenometer,  and  the  empty  part  of  the  tube, 
after  the  restoration  of  the  mercury,  showed  a  volume  of  40-0. 
The  same  quantity  thrown  into  alcohol  previously  saturated 
with  it,  gave  an  increase  of  39-5.  The  whole  of  an  equivalent, 
58*78  grains,  thrown  into  a  saturated  solution,  caused  an  in- 
crease of  29-3. 

I.  NaCl,  vol.  of  salt 

II 

Ill 

Mean     .     .     29-23  ...     2-OH 
Bromide  o/'/Sorfmm,NaBr-f3HO=  128*70. — On  dissolving 
25*7  grains  of  this  salt  in  water,  an  increase  of  9*2  was  occa- 
sioned in  two  experiments  at  a  temperature  of  53°. 
I.  II.  Na  Br  +  3H0,  vol.  in  solution    46 
The  same  quantity  of  salt  put  into  turpentine  caused  an 
increase  of  11. 

Na  Br  +  3 HO,  vol.  of  salt     55     ...     2-340 
Chloride  of  Barium,  Ba  CI  +  2H0  =  122-83. — 30-7  grains 
dissolved  in  1(X)0  grains  of  water,  increased  7'0  at  a  tempera- 
ture of  58°;  a  second  experiment,  in  which  20  grains  of  the 
salt  were  dissolved,  gave  an  increase  of  4-5. 

I.  Ba  CI  -h  2HO  vol.  in  solution     280 
II.  ...  ...  27-6 

Mean     .    .     27-8 
The  fourth  of  nn  equivalent,  30-7  grains,  l)oing  immersed 
in  a  Mturated  solution,  gave  an  increase  of  9*7  at  a  tempera- 
ture of  60° ;  and  the  same  quantity  in  two  other  experiments 
gave  an  increase  of  9-8. 


Sp.  gr. 

29-4     . 

.     2-000 

29-0     . 

.     2-026 

29-3     . 

.     2-006 
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I. 

Ba  CI  +  2HO  vol.  of  salt 

38-8     . 

Sp.  gr. 
..     3-166 

II. 

•••               •.• 

39-2     . 

.     3-133 

III. 

...               ... 

39-2     . 

..     3-133 

Mean     .     . 

39-07  . 

..     3-144 

Perchloride  of  Mercury,  Hg  CI  =  136*9. — The  fourth  of 
an  equivalent,  34*2  grains,  of  corrosive  sublimate,  on  being 
dissolved  in  1000  grains  of  water,  gave  an  increase  of  4-6  at 
a  temperature  of  62" ;  a  second  experiment  with  the  same 
quantity  was  attended  with  the  same  result. 

I.  II.  Hg  CI,  vol.  in  solution     18-4 

Half  an  equivalent  (68*45  grains),  thrown  into  a  saturated 
solution  of  the  salt,  caused  an  increase  of  11*0  at  a  tempera- 
ture of  56°. 

Sp.  gr. 
I.  Hg  CI.  vol.  of  salt     22     ...     6*223 

Chloride  of  Hydrogen,  HCl  =  36*47. — It  was  of  interest  to 
ascertain  the  volume  of  hydrochloric  acid,  in  order  to  com- 
pare it  with  the  other  chlorides  of  the  magnesian  metals  when 
dissolved  in  water.  It  was  natnral  to  expect  that  the  volume 
of  muriatic  acid  in  dilute  solutions  would  be  different  from  that 
possessed  by  it  in  its  concentrated  state ;  and  therefore  the 
following  experiments  must  be  viewed  in  this  light.  Peligot's 
salt,  the  bichromate  of  the  chloride  of  potassium,  on  dissol- 
ving in  water,  was  decomposed  into  bichromate  of  potash  and 
muriatic  acid,  and  the  volume  of  the  latter  was  obtained  by 
deducting  that  due  to  the  former  salt  and  adding  the  volume 
of  water.  The  fourth  part  of  an  equivalent  of  this  salt,  44*75 
grains,  dissolved  in  1000  grains  of  water  with  an  increase  of 
13*5  at  65°  ;  and  of  13*6  in  another  experiment  at  68^.  This 
result  gives  for  the  whole  volume  of  the  salt  when  dissolved 
54*0  and  54*4,  from  which  must  be  deducted  45*0  for  the  vo- 
lume of  bichromate  of  potash,  and  9  must  be  added  on  ac- 
count of  the  equivalent  of  water. 

I.  Muriatic  acid,  in  dilute  solutions     18*0 
II.  ...  ...  ...  18;4 

Mean  .  .  18*2 
Chloride  of  Copper,  Cu  CI  +  2HO  =:  85*18.— Half  an  equi- 
valent, 42*6  grains,  was  dissolved  in  1000  grains  of  water  with 
an  increase  of  13*4  at  a  temperature  of  60°;  on  a  second  ex- 
periment, 47  grains  occasioned  an  increase  of  14*0  at  a  tem- 
perature of  58°. 

I.  CuCl  +  2HO,  vol.  in  solution     26*8 

II.  ...  ...  25*4 

Mean     .     .     26-1 
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Half  an  equivalent,  42*6  grains,  being  immersed  in  a  satu- 
rated solution  at  62°,  caused  an  increase  of  1 7'0 ;  a  second  expe- 
riment with  the  same  quantity  of  salt  gave  an  increase  of  16" 6. 

Sp.  gr. 

1.  CuCl  -f  2HO,  vol.  of  salt     33-2     ...     2-566 

II.  ...  ...  3£0     ...     2-505 

Mean     .     .     33-6     ...     2-535 
Chloride  of  Copper  and  Ammonium,  CuCl+  NH4CI  +  2HO 
=  138-84. — 34-7  grains  of  this  salt,  being  dissolved  in  1000 
grains  of  water,  gave  an  increase  of  15*5  in  the  first  experi- 
ment and  of  15*4  in  the  second,  both  at  a  temperature  of  68°. 

I.  CuCl  -I-NH4CI  +  2HO,  vol.  in  solution     62-0 
II.  ...  ...  ...  61-6 

Mean     .     .     61-8 

32*46  grains,  thrown  into  a  saturated  solution,  caused  an 
increase  of  16*1  in  two  experiments  at  a  temperature  of  60°, 
and  a  repetition  of  the  experiment  confirmed  this  result. 
Chloride  of  copper  and  ammonium,  vol.  of  salt  68*8  ...  2*018 

Chloride  of  Copper  and  Potassium,  CuCl  +  KCl  +  2HO 
=  159*88. — 34*7  grains  of  this  salt,  being  dissolved  in  1000 
grains  of  water,  caused  an  increase  of  11*5  at  62°. 

CuCl  +  KCl  +  2H0,  vol.  in  solution     53*0 

The  same  quantity  (34*7  grains),  thrown  into  a  saturated 
solution,  caused  an  increase  of  14*3. 

CuCl  +  KCl  +  2HO,  vol  of  salt     65*9     ...     2*426 

Chloride  of  Tin,  SnCl  +  3HO  =  121*39.— One-fourth  of 
an  equivalent  (30*35  grains)  was  dissolved  in  1000  grains  of 
water,  acidulated  with  muriatic  acid,  with  an  increase  of  9*0 
at  a  temperature  of  60° ;  a  second  experiment,  with  the  same 
quantity  of  salt  and  at  the  same  temperature,  gave  an  increase 
of  9*2. 

I.  SnCl  -I-  3 HO,  vol.  in  solution     36*0 

II 36^ 

Mean     .     .     36*4 
The  same  quantity,  30*35  grains,  of  the  salt  being  immersed 
in  a  saturated  solution,  yielded  an  increase  of  1 1*0,  the  tempe- 
rature being  60° ;  and  exactly  the  same  result  attended  the 
repetition  of  the  experiment. 

Sp.  gr. 
SnCl -f  SHO,  vol.  of  salt    44*0     ...     2*759 

Chloride  of  Tin  and  Ammonium,  SnCl  -}-  NH4CI  +  3IIO 
=  175*05. — On  dissolving  44  grains  of  this  salt  in  10(K)  grains 
of  water,  the  increase  was  18*3  at  a  temperature  of  60°;  a 
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second  experiment  with  the  same  quantity  and  at  the  same 
temperature,  gave  an  increase  of  18*5. 

I.  Chloride  of  tin  and  ammonium,  vol.  in  solution   72'7 

II.  ...  ...  ...  ...  73-5 

Mean     .     .     73-1 

On  immersing  43*76  grains  of  the  salt  in  a  saturated  solu- 
tion, an  increase  of  20*8  was  obtained  at  a  temperature  of 
60°,  which  gives  83*2  as  the  volume  of  the  equivalent,  and 
2'104  as  the  specific  gravity  of  the  salt. 

Chloride  of  Tin  and  Potassium,  SnCl  +  KCl  +  3HO  =  196'09. 
— On  dissolving  24*3  grains  of  the  salt  in  1000  grains  of  water, 
an  increase  of  8*0  was  obtained  at  a  temperature  of  60^^ ;  and 
48*5  grains,  dissolved  in  the  same  quantity  of  water,  gave  an 
increase  of  15*5. 

I.  Chloride  of  tin  and  potassium,  vol.  in  solution     64'5 

II.  ...  ...  ...  ...  62-7 

Mean     .     .     63-6 

On  throwing  the  fourth  part  of  an  equivalent,  49  grains, 
into  a  saturated  solution,  an  increase  of  19'5  was  obtained  at 
a  temperature  of  54°.  g       . 

SnCl  +  KCl +  3H0,  vol.  of  salt     78*0  ...  2*5 14 

A.  Chloride  of  Mercury  and  Ammonium,  HgCl  +  NH4CI 
-f  HO  =  199'8. — On  dissolving  49'95  grains  of  this  salt  in 
1000  grains  of  water,  an  increase  was  obtained  of  16*0,  and  in 
a  second  experiment  of  16*2,  the  temperature  being  about  60° 
in  both  cases. 

I.  A.  Chloride  of  mercury  and  ammonium,  vol.  in  sol.  64*0 
II.  ...  ...  ...  ...  ...  64-8 

Mean     .     .     64-4 
The  same  quantity  of  salt,  thrown  into  a  saturated  solution 
at  60°,  occasioned  an  increase  of  17*0  in  two  experiments, 
which  makes  the  volume  of  the  equivalent  68*0,  and  the  spe- 
cific gravity  2*938. 

B.  Chloride  of  Mercury  and  Ammonium,  NH4CI  +  2HgCl 
+  HO  =  336-4. — On  dissolving  42  grains  of  this  salt  in  1000 
grains  of  water,  an  increase  of  10*1  was  occasioned  in  two  ex- 
periments at  54°,  and  of  10*2  in  a  third  experiment  at  60°. 

I.  II.  NH4  CI  +  2HgCl  +  HO,  vol.  in  solution     80*9 
III.  ...  ...  ^       ...  81-6 

Mean     .     .     81*2 
42  grains,  or  one-eighth  of  an  equivalent,  thrown  into  a 
saturated  solution  of  the  salt,  caused  a  rise  in  the' stem  of  11 
in  two  experiments. 
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Sp.  gr. 

3-822. 


I.  II.  B.  Chloride  of  mercury  and!  „£>  „ 
ammonium,  vol.  of  salt  .      J 
Chloride  of  Mercury  and  Potassium,  KCl  +  2HgCl  -f  2HO 
=  366*5. — The   eighth    part  of  an  equivalent,  45*8   grains, 
being  dissolved  in  1000  grains  of  water,  caused  in  two  expe- 
riments an  increase  of  10*1  at  a  temperature  of  53°. 

I.  II.  Chloride  of  mercury  and  potassium,!  q-^„ 

vol.  in  solution j 

The  same  quantity  of  salt,  45*8  grains,  thrown  into  a  satu- 
rated solution,  caused  an  increase  of  12*0  in  one  experiment 
and  of  12*4  in  two  other  trials,  the  temperature  in  all  the 
cases  being  58°. 


I.  Chloride  of  mercury  and  potassium. 


vol.  of  salt 


II. 
III. 


} 


960 

99-2 
99-2 


Sp.  gr. 

3*818 

3*694 
3*694 
3*735 


Mean  .  .  98*1 
Chloride  of  Mercury  and  Sodium,  NaCl  +  2HgCl  +  4HO 
=  368*5. — On  dissolving  46*06  grains  of  this  salt  in  1000  grains 
of  water,  the  increase  was  12*4  at  63°.  This  gives  for  the 
equivalent  a  volume  of  99*2,  or  1 1  equivalents.  The  same 
quantity  of  salt  thrown  into  turpentine  produced  an  increase 
of  15*3,  which  gives  for  the  equivalent  122*4,  and  for  the  spe- 
cific gravity  3  011. 

A  careful  consideration  of  the  previous  experiments  shows 
that  there  are  two  distinct  classes  of  chlorides,  &c.  The  first 
of  these  is  placed  in  Table  IX.,  and  possesses  1 1  as  the  divi- 
sor of  the  solid. 

Table  IX. 


Ueiignation. 


Vol.  in  •oluUon. 


Volume  of  loUd. 


Name. 


Formula. 


^^ 


U 


I 


Bromide  <ii  potenium  < 
Chloride  ol  ammonium, 
Iodide  of  potaMinm  . . . 
Bromide  of  todiam  ... 
Chloride  ai  mercury  ... 
Chloride  of  hydrogen. . , 
Chloride  of  eopp«r...... 

ChloriiU  of  tin    

Chloride  of  mercury  1 
andtodium / 


KBr 
NII.Cl 
Kl 
NalJr+.'WIO 
llgCI       • 
IICI 
CtiCl+'^IlO 
SnCl-f:MIO 
2IIgCI4-Na(n 
+4110 


"} 


117*0 

mm 

10SK2 
I2H70 

IW\7\  lH-2 

mxwmx 

ViVM  36-4 


.'i08-5 


00*9 


11 


1221 


44 
121 


!  2-h'H  1 
2750 
.•J045 
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In  the  second  class  (Table  IX.  a.)  the  primitive  volume  is 
9*8,  or,  as  in  the  case  of  the  double  chlorides  of  tin,  the  me- 
tallic salt  enters  into  combination  with  the  volume  11  ;  while 
NH4CI  remains  a  multiple  of  9'8.  It  is  interesting  to  ob- 
serve that  NH4CI  affects  in  combination  as  a  solid  the  same 
number  of  volumes  which  it  has  as  a  liquid. 


Table  IX.  a. — Showing  the  Volumes  in  solution  and  in  the 
solid  state  of  certain  Chlorides. 


Designation, 


Name. 


Chloride  of  potassium 
Chloride  of  sodium.... 
Chloride  of  harium  . 
Chloride    of    copper  "1 

and  potassium J 

Chloride    of    copper  1 

and  ammonium   ...J 
Chloride  of  tin  andl 

ammonium  J 

Chloride  of  tin  and"! 

potassium    J 

A.  Chloride  of  mer-1 
cury  and  ammonium  J 

B.  Chloride  of  mer-1 
cury  and  ammonium  J 

Chloride  of  mercury  T 
and  potassium J 


Fonnula. 


KCl 

NaCl 

BaCl+2nO 

CuCl-fKCl-f2H0 

Cu  CI  +  NII4  CI 

-f2H0 
SnCl  +  NH4Cl 

+3H0 

SnCl+KCl+SHO 

Ilg  CI  +  NH4  01 

4-HO 
2HgCl+NH4Cl 
+H0 
2HgCl-f  KCl   \ 
+2H0  J 


•s> 


747 

58-78 
122-83 

159-88 

138-84 

175-05 

196-09 

199-8 

336-4 

366-5 


Vol.  in  solution. 


>s 


26-8 
18-3 

27-8 

530 
61-8 
73-1 
63-6 
64-4 
81-2 
80-8 


Volume  of  salt. 


S  u 

1  <^ 


39-3 
29-2 
3907 

65-9 

68-8 

83-2 

78-0 

68 

88 


81    98-1 


39-2 
29-4 
39-2 

68-6 
68-6 
83-2 
78-4 
68-6 
88-2 
980 


1-905 
2-000 
3-133 

2-331 
2024 
2104 
2-501 
2-912 
3-814 
3-739 


1-900 
2011 
3-144 

2-426 
2-018 
2104 
2-514 
2-938 
3-822 
3-736 


The  results  of  the  experiments  detailed  in  this  section  afford 
strong  proofs  of  the  law  of  multiple  proportions,  and  exhibit 
at  the  same  time  that  remarkable  alteration  of  the  divisor  of 
the  solid  volumes  which  we  have  already  noticed  so  frequently. 
Thus,  while  many  of  the  chlorides  and  bromides  are  multi- 
ples of  11,  we  have  decided  exceptions  in  chlorides  of  potas- 
sium and  sodium,  which  possess  for  their  divisor  the  volume 
of  ice,  viz.  9*8 ;  and  this  reappears  in  the  double  salts. 

It  is  impossible,  however,  not  to  see  that  these  results  are 
somewhat  singular,  for  in  the  double  salts  the  chloride  of 
potassium  forces  the  double  salt  with  which  it  is  associated 
to  assume  the  multiples  of  9*8,  and  then  exhibits  its  natural 
isomorphous  relation  to  chloride  of  ammonium,  which  per  se 
it  did  not  possess.  Chloride  of  ammonium,  anomalous,  in 
being  a  multiple  of  1 1  in  the  solid  state,  assumes  four  volumes. 
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multiples  of  9*8,  in  the  double  chlorides,  and  then  presents 
the  same  number  for  its  solid  volume  as  chloride  of  potassium. 
The  isomorphism  of  potassium  and  sodium  is  so  entirely  hy- 
pothetical, that  it  will  not  excite  surprise  to  find  the  volumes 
of  the  chlorides  so  different.  We  were  less  prepared  to  detect 
the  difference  between  iodide  and  chloride  of  potassium ;  but 
have  confirmed  it  by  an  examination  of  iodide  of  ammonium, 
50  grains  of  which  dissolved  in  1000  of  water  with  an  increase 

54*1 
of  18*7j  which  gives  — — -  =  six  volumes  for  the  equivalent,  a 

result  confirmatory  of  our  determination  of  five  volumes  for 
iodide  of  potassium ;  the  increase  of  one  volume  being  in 
conformity  with  the  usual  behaviour  of  ammoniacal  salts. 
We  shall  return  to  the  consideration  of  the  chlorides  in  a  fu- 
ture section. 

Section  V. 
Chromates. 

The  chromates  present  a  class  of  salts  which  offer  some 
peculiarities  with  regard  to  their  volumes,  in  elucidating  which 
we  had  occasion  to  repeat  our  experiments  very  oflen,  and, 
therefore,  give  the  mean  of  the  results,  instead  of  taking  up 
unnecessary  space  in  the  Transactions  of  the  Society  by  de- 
scribing each  experiment  individually. 

Chromic  Acid,  Cr03=52'19. — ^The  chromic  acid  used  in 
our  experiments  was  obtained  by  adding  sulphuric  acid  to  bi- 
chromate of  potash.  It  was  in  beautiful  distinct  crystals  of 
nearly  a  quarter  of  an  inch  in  length,  being  the  finest  and 
purest  specimen  which  we  have  obtained  in  many  prepara- 
tions of  this  acid. 

The  half  of  an  equivalent,  26*09  grains,  dissolved  in  1000 
of  water  with  an  increase  of  9*0  at  72°;  this  gives  18*0  as  the 
volume  of  chromic  acid  in  solution. 

The  same  quantity  of  acid,  thrown  into  the  solution  from 
which  it  had  crystallized,  gave  an  increase  of  9*7  and  9*8  in 
two  experiments. 

I.  Chromic  acid,  volume     19*4     ...     2*690 
IL  ...  ...  _19^     ...     2-663 

Mean     .     .     19*5     ...     2*676 

Yellow  Chromate  o/Po/cwA,  KO,  CrO.,=99*50.--On  dis- 
■olviog  60  grains  of  this  salt  in  KKK)  grains  of  water,  the  in- 
crease was  9*0  at  a  tcmncrature  of  58°;  this  gives  17*9  as 
the  volume  of  the  equivalent  in  solution. 

The  mean  result  of  ten  experiments,  on  immersing  49*75 


Atomic  Volume  and  Specific  Gravity. .  501 

grains  in  turpentine,  was  an  increase  of  18*55,  which  gives 
37'1  for  the  vohime  of  the  equivalent,  and  2*682  as  the  spe- 
cific gravity  of  the  salt. 

Sesquichromate  of  Potash,  2KO,  SCrOg  =  251*09.— This 
salt,  which  will  be  described  in  a  future  communication  by 
one  of  us,  is  obtained  by  boiling  a  solution  of  bichromate  of 
potash  with  an  excess  of  finely  pounded  litharge.  The  oxide 
of  lead  removes  only  one-fourth  of  the  chromic  acid  of  the 
bichromate,  and  the  solution  on  cooling  deposits  the  sesqui- 
chromate in  flattened  prisms  of  a  paler  but  more  resplendent 
colour  than  the  bichromate  of  potash.  On  dissolving  the 
fourth  part  of  an  equivalent,  62*77  grains,  in  1000  grains  of 
water,  the  increase  in  four  experiments  at  58°  was  exactly 
18*0  ;  this  gives  72*0  as  the  volume  of  the  equivalent  in  solu- 
tion. 

The  meail  of  six  experiments,  placing  the  fourth  of  an 
equivalent,  62*77  grains,  in  turpentine,  was  an  increase  of 
23*7,  which  gives  94*8  as  the  volume  of  the  equivalent,  and 
2*648  as  the  specific  gravity  of  the  salt. 

Bichromate  of  Potash,  KO,  2Cr03  =  151*70.— On  dis- 
solving 76  grains  of  this  salt  in  1000  grains  of  water,  an  in- 
crease of  22*5  and  23*0  were  obtained  in  two  experiments  at 
60°  and  65°. 

I.  KO,  2  CrOg,  vol.  in  solution    44*9 
II.  ...  ...  45*8 

Mean     .     .45*3 

Half  an  equivalent  of  the  salt,  75*84  grains,  immersed  in 
turpentine,  gave  an  increase,  the  mean  of  ten  experiments,  of 
28*9,  which  gives  57"8  as  the  volume  of  an  equivalent,  and 
2*624  as  the  specific  gravity  of  the  salt. 

Terchromate  of  Potash,  KO,  3Cr03  =  203*92.— This  salt 
was  obtained  by  mixing  a  solution  of  bichromate  of  potash 
with  nitric  acid  and  crystallizing.  On  dissolving  51  grains 
of  the  salt  in  1000  grains  of  water,  an  increase  was  occasioned 
of  18*0  at  60°;  this  gives  71*9  as  the  volume  of  the  equiva- 
lent in  solution. 

On  immersing  50*98  grains  in  turpentine,  the  increase  was 
19*3  in  two  experiments,  and  19*0  in  a  third  trial. 

I.  KO,  3Cr03,  vol.  ofsalt    77*2  ...  2*641 

II.  ...  ...  77*2  ...  2*641 

III.  ...  ...         76;0  ...  2*683 

Mean     .     .  76*8  ...  2*655 

Bichromate  of  Chloride  of  Potassium,  KCl  +  2Cr03  = 
179*08. — The  fourth  part  of  an  equivalent,  44*77  grains,  being 
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dissolved  ifi  1000  grains  measure  of  a  dilute  solution  of  mu- 
riatic acid,  gave  an  increase  of  1 5*7  in  two  experiments  at  57° ; 
this  result  makes  the  volume  of  an  equivalent  in  solution 
62-8. 

The  mean  of  various  experiments  on  this  salt  gave  an  in- 
crease of  18*15  on  immersing  the  above  quantity  of  salt  in 
turpentine,  which  yields  72*6  as  the  volume  of  the  equivalent, 
and  2*466  as  the  specific  gravity  of  the  salt. 

The  results  now  described  show  that  the  chromates  form  a 
group  different  from  the  classes  of  salts  hitherto  given. 

Table  X. — Showing  the  Volumes  occupied  by  certain 
Chromates. 


Designation. 


Volume  of  salt 
in  solution. 


Volume  of  salt. 


Name. 


Formula. 


Cliromic  acid I        CrOg 

Chromate  of  potash  I    KO,  CrOg 

Sesquichromate  of  potash.!  2K0,  SCrOg 

Bichromate  of  potash KO,  2Cr03 

Terchroinate  of  potash  ...    KO,  SCrOg 
Bichromate  of  chloride!  I j^Qi.or-Q 
of  potassium    J  I  '  ^ 


ll 


18 


5219 

99-50 

25107 

151-70 

203-92 

17908 


180 
17-9 
720 
45-3 
71-9 

62-8 


180 

18-0 

720 

45 

73 

63 


19-5 
37-1 
94-8 

57-8 
76-8 

72-6 


2G76 
2-CH2 
2-648 
2«i24 
2-655 

2-466 


An  inspection  of  the  previous  table  will  show  clearly  that 
the  chromates  differ  from  the  salts  described  in  the  former 
sections.  In  the  volumes  in  solution  there  is  no  difference ; 
they  are  multiples  of  9,  and  follow  the  usual  law  of  the  sum 
of  the  volumes,  being  made  up  of  the  volumes  of  the  consti- 
tuents of  the  salt.  Chromate  of  potash  possesses  two  volumes 
in  solution,  exactly  as  is  the  case  with  its  analogue  sulphate  of 
potash.  The  latter  salt  affects  three  volumes  in  the  solid  state, 
and  so  naturally  should  chromate  of  potash.  In  bichromate 
of  poUish  we  sec  these  three  volumes  appearing  in  solution, 
united  to  two  volumes  possessed  by  the  chromic  acid  attached 
to  the  chromate  of  potash ;  in  sesquichromate  of  jjotash  they 
again  reappear,  and  so  also  in  terchromate  of  potash.  I'lie 
fact  that  the  number  of  volumes  pos.sessed  in  the  solid  state 
l)y  the  lowest  member  of  a  scries  of  salts  passes  over  into  the 
liigher  members  when  in  solution,  finds  examples  in  the  car- 
bonates and  oxalateR,  and  is  not  peculiar  to  the  chromates. 

The  nolid  volumes  of  the  chromates  possess  decided  peculi- 
arities, being  neither  multiples  of  1 1  nor  of  9*b.   Cliromic  acid 
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itself  is  obviously  twice  the  volume  of  ice,  9*8  x  2  =  19*6,  the 
experimental  number  being  19*5.  But  all  the  other  salts  in 
this  group  refuse  to  arrange  themselves  under  either  of  the 
heads  which  we  have  found  to  explain  most  of  the  salts  in  the 
previous  sections.  In  an  exception  of  this  kind  we  are  en- 
titled to  make  an  assumption  which  will  in  all  probability  be 
near  the  truth,  if  by  means  of  it  we  can  bring  into  one  uni- 
form system  a  whole  group  of  anomalous  salts.  Sesqui- 
chromate  of  potash  is  of  great  importance  in  the  history  of 
the  chromates,  from  its  frequent  occurrence,  although  hitherto 
it  has  been  altogether  neglected  by  chemists.  Chromic  acid 
is  actually  able  to  displace  sulphuric  acid  from  sulphate  of 
potash,  in  order  to  gratify  its  love  for  the  potash  in  the  pecu- 
liar condition  of  the  sesquichromate.  In  numerous  instances 
of  decomposition,  as  Mill  be  pointed  out  by  one  of  us  in  an- 
other paper,  this  sesquicliromate  appears.  The  sesquichro- 
mate is  not  formed  readily,  if  indeed  it  is  ever  formed,  by 
crystallizing  chromate  of  potash  with  chromic  acid  in  the 
proportion  of  sesquichromate,  the  result  being  bichromate  of 
potash  and  chromate  of  potash,  which  crystallize  separately. 
Here  then  is  a  remarkable  point  in  the  constitution  of  the 
chromates,  which  can  only  be  explained  by  supposing  that 
sesquichromate  of  potash  contains  a  double  atom  of  chromate 
of  potash  united  to  one  of  chromic  acid.  The  decomposition 
of  bichromate  of  potash  by  oxide  of  lead  necessarily  implies 
that  its  atom  should  also  be  doubled ;  2KO,  SCrOg  +  CrOg 
boiled  with  litharge,  gives  2KO,  SCrOg  +  PbO,  CrOg. 

We  have  found  the  volume  of  KO,  CrOg  to  be  37'1,  not 
33'0,  as  in  the  case  of  sulphate  of  potash.  Karsten  obtained 
the  specific  gravity  2*640,  which  gives  the  volume  37*6;  and 
Thomson  states  the  specific  gravity  to  be  2*612,  which  gives 
the  volume  38*  1 ;  the  mean  of  all  these  experiments  is  37'6, 
which,  multiplied  by  2,  for  the  reasons  already  stated,  gives  as 
the  volume  of  2(KO,  CrOg),  75"2.  The  natural  volume  of 
chromate  of  potash,deduced  from  its  analogy  to  sulphate  of  pot- 
ash, would  be  1 1  X  3,  or  on  the  double  atom  1 1  x  6  =  66.  Now, 
the  assumption  we  make  to  explain  this  class  of  salts  is,  that 
the  double  atom  of  chromate  of  potash  enjoys  its  anomalous 
character  by  adding  to  its  natural  volume  the  volume  of  ice, 
thus  66*0  + 9*8  =  75'8,  which  is  not  very  far  from  the  volume 
ascertained  by  experiment.  This  assumption  of  a  volume  of 
ice^  in  addition  to  other  volumes  of  1 1,  has  been  shown  to 
exist  in  the  magnesian  sulphates,  and  therefore  its  hypothe- 
tical existence  in  the  chromates  is  by  no  means  extravagant, 
Sesquichromate  of  potash  must  then  be  the  double  chromate 
of  potash  united  to  an  equivalent  of  chromic  acid,  75*8  +  19*6 
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=  95*4,  which  is  not  very  far  from  94'S,  the  volume  deter- 
mined by  experiment.  Bichromate  of  potash  would  consist 
of  a  double  atom  of  chromate  of  potash  and  2  of  chromic 
acid,  or  75'8  +  39*2  =  1 15*0,  which  agrees  pretty  closely  with 
the  experimental  determination  of  115*6;  and  terchromate  of 
potash,  in  like  manner,  is  1  atom  of  double  chromate  of  pot- 
ash with  4  of  chromic  acid,  or  75*8  +  78'4  =  154*2,  which  is 
almost  exactly  the  same  as  154*4,  found  in  the  two  consecu- 
tive experiments,  and  not  fai*  distant  from  153*6,  the  mean  of 
the  three  experiments. 

This  view  receives  confirmation  from  the  volume  of  Peli- 
got's  salt,  which  certainly  consists  of  the  volume  of  KCl, 
when  in  combination,  added  to  that  of  2  atoms  of  chromic 
acid,  33*0  +  39*2  =  72*2,  a  number  very  close  to  the  experi- 
mental result  72*6.  It  is  quite  true  that  we  have  made  a 
gratuitous  assumption  at  the  outset  of  our  explanation ;  but 
it  is  not  surprising  to  find  an  unusual  law  prevailing  in  a  class 
of  salts  so  anomalous  as  the  chromates.  When  the  experi- 
mental numbers,  and  those  calculated  on  the  assumption,  are 
so  near  as  we  have  shown  them  to  be,  there  is,  we  think,  a 
good  argument  for  the  truth  of  the  hypothesis. 

Table  X.a. 


Name. 


Chromic  acid 

Chromate  of  potash,  douhled 

Sesquicliromatc  of , potash  ■< 
Bichromate  of  potash    ...< 

Terchromate  of  potash  ...  -j 

Bichromate  of  chloride  off 
potassium   J 


Formula. 


CrOg 

(2KO,2CrOa) 

(2KO,2Cr03) 

+Cr03 
(2KO,2Cr08) 

+2Cr03 
(2KO,2CrO,) 

+4Cr03 

KCl-f-2CrO, 


19-5 
75-2 

94-8 
115C 
154-4 

72G 


19-6 

75-8 

95-4 
1150 
154-2 

72-2 


2-()63 
2-(i27 

2-(;58 
2-638 
2-644 
2480 


II 

fe-c 

as- 


2-676 
2-646 

2-648 
2-624 
2-641 
2-466 


A  singular  result  obtained  in  the  examination  of  the  anhy- 
drous double  sulphates  seems  to  be  explained  by  the  behaviour 
of  the  chromates.  Wc  found  sulphate  of  copper  and  potash 
and  Kulpliatc  of  magnesia  and  pota.sh  to  affect  a  volume  of 
59*8  instead  of  55*0,  and  wc  ascertained,  by  many  experiments, 
that  this  high  number  was  not  due  to  an  error  of  observation. 
Now,  if  wc  suppose  the  KO,  SO.,  in  these  salts  to  behave  like 
KO,  CrOy  in  assuming  one  volume  of  ice  on  the  double  atom, 

then  2KO,  803  =  75-8  +  2M0,  80^  «=  44-0  =  ^^  =  59-9, 
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a  number  almost  identical  with  the  experimental  result.  On 
this  view,  then,  anhydrous  double  sulphates  are  constituted 
on  the  type  of  red  chromate  of  potash,  the  two  volumes  of 
CrOg  being  replaced  by  the  two  volumes  of  MO,  SO3.  An- 
hydrous alum  was  found  to  have  a  volume  of  116*4  instead 
of  111*4,  but  would  be  reconciled  with  theory,  if  we  supj)osed 
it  to  contain  the  peculiar  KO,  SO3  analogous  to  KO,  CrOg ; 
in  this  case  the  theoretical  volume  would  be  116'3. 

Section  VI. 
Carbonates. 

Carbonate  of  Potash,  KO,  C02  =  69-4. — On  dissolving  34'7 
grains  of  carbonate  of  potash  in  1000  grains  of  water,  the  in- 
crease was  4*6  at  62° ;  the  atomic  volume  in  solution  is  there- 
fore 9'2.  The  same  quantity  of  salt  thrown  into  turpentine 
caused,  in  various  experiments,  an  increase  of  16*5 ;  this 
makes  the  volume  of  the  equivalent  33*0,  and  the  specific 
gravity  of  the  salt  2*103. 

Bicarbonate  of  Potash,  KO,  HO,  2CO2  =  100*6.— The 
fourth  part  of  an  equivalent  (25*1  grains)  dissolved  in  1000 
grains  of  water,  at  61°,  with  an  increase  of  8*9,  and  in  another 
experiment  of  9*0.  The  mean  of  these  results,  8*95,  gives 
as  the  volume  of  the  equivalent  in  solution,  35*8.  The  same 
quantity  of  salt,  thrown  into  turpentine,  gave  an  increase  of 
12*0,  in  various  experiments,  which  gives  for  the  specific 
volume  of  the  salt  48*0,  and  for  its  specific  gravity  2*092. 
As  this  salt  was  one  of  the  very  few  substances  used  in  this 
inquiry  not  prepared  by  ourselves,  we  take  the  mean  of  our 
own  result,  and  the  only  other  recorded  specific  gravity  of 
which  we  are  aware,  viz.  that  by  Gmelin,  2*012,  and  adopt 
49*0  as  the  correct  volume,  and  2*052  as  the  specific  gravity. 

Bicarbonate  of  Ammonia,  HO,  NH4O,  2C02=79*3. — This 
salt  was  made  by  exposing  the  carbonate  of  the  shops  to  the 
air  until  it  ceased  to  emit  smell,  and  then  crystallizing  the 
remainder.  On  dissolving  19*82  grains,  the  fourth  of  an 
equivalent,  in  1000  grains  of  water,  the  increase  was  9*0  at 
55°,  and  9*4  in  another  experiment  at  62°.  The  mean  result 
gives  36*8  as  the  volume  of  the  salt  in  solution. 

On  immersing  19*82  grains  of  the  salt  in  turpentine,  an  in- 
crease of  12*5  was  effected,  which  gives  as  the  volume  of  the 
salt  50*0,  and  for  its  specific  gravity  1*586. 

Bicarbonate  of  Soda,  NaO,  HO,  2CO2  =  84*64.— On  dis- 
solving 42*32  grains  of  this  salt  in  1000  grains  of  water  at 
67°,  an  increase  of  9*0  was  obtained ;  this  gives  for  the  volume 
of  an  equivalent  in  solution  18*0.  On  immersing  the  same 
quantity  of  salt  in  turpentine,  the  increase  was  19*4  and  19*2 
in  two  experiments. 

Phil.  Mag.  S.  3.  No.  183.  Suppl.  Vol.  27.  2  L 
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I.  NaO,  HO,  2CO2,  vol.  of  salt     38-8     ...     2-181 
II.  ...  ...  38-4     ...     2-204 

Mean  .  .  38-6  ...  2-192 
Although  vre  have  examined  other  carbonates,  we  purposely 
avoid  bringing  them  into  the  present  paper,  because  they  in- 
volve considerations  upon  which  we  are  at  present  engaged 
in  minute  study,  and  do  not  wish  to  hazard  without  sufficient 
proof.  We  subjoin  the  few  carbonates  here  examined  in  a 
tabular  form. 

Table  XI. — Showing  the  Volumes  occupied  by  the  Alkaline 
Carbonates. 


Designation. 

Vol.  in  solution. 

Volume  of  salt. 

Name. 

Formula. 

Atomic 
Weight. 

a   . 

II 

S 

c 

If 

> 

11 

It 

•3* 

If 

Carbonate  of  potash 

Carbonate  of  soda 

KO,  CO2 

NaO,  CO2 

II0,K0,2C0j 

HO,  NaO,  2CO2 

HO,NH40,2CO, 

69-4 
53-47 
100  6 
84-64 
79-3 

9-2 

35-8 
180 
36-8 

1 

4 
2 
4 

9 

36 
18 
36 

330 
220 
49-0 
38-6 
500 

2-103 
2427 
2-052 
2  192 
1586 

Bicarbonate  of  potash    . . . 

Bicarbonate  of  soda  

Bicarbonate  of  ammonia  . 

The  results  shown  in  this  table  will  appear  perplexing, 
unless  the  facts  already  observed  in  the  previous  sections  be 
borne  in  mind.  We  find  in  carbonate  of  potash  an  astonish- 
ing difference  between  the  licjuid  and  the  solid  volume ;  and 
this  is  still  more  marked  in  the  case  of  carbonate  of  soda, 
which  ceases  to  occupy  volume  in  sohition.  Both  of  these 
salts  have  11  as  the  divisors  of  their  solid  volume,  KO,  CO^ 
affecting  three,  and  NaO,  COg  two  volumes.  In  the  last  section 
we  saw  that  the  three  volumes  possessed  by  chromate  of  potash 
in  its  solid  state  passed  over  into  bichromate  of  potash  ;  and 
in  bicarbonntcs  of  potash  and  ammonia  we  ()l)scrve  the  same 
circumstance,  except  that  the  volumes  change  from  multiples 
of  1 1  to  multiples  of  9-H,  and  in  sohition  are  one  less  than  in 
the  state  of  a  salt.  It  i.s  jjrobably  owing  to  this  circninstnnce 
that  we  do  not  in  this  case  observe  the  usual  increase  of  one 
volume  in  the  ammoniacal  over  the  corresponding  salt  of  pot- 
ash. The  bicarbonntes  (»f  potash,  soda  and  ammonia  are  pro- 
bably multiples  of  1>-H,  or  the  vohune  of  ice. 

Vol.  by  experiment.  Vol.  by  tlieory. 


Bicarbonate  of  potash    .  4<)'() ..  2'0r)2 

...  aninionia  50'0  ..  1'5H() 

soda.     .88*6..  2*192 


9Hx.'>  =  49'0  ..  2-().')2 
9-8x5  =  49-0  ..  1*G18 
9-8x4=r39-2  ..  2-159 
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Section  VII. 

Oxalates. 

The  oxalates  offered  an  interesting  group  of  salts  for  exa- 
mination, especially  on  account  of  the  accurate  determination 
of  their  composition  and  hydration  by  Graham. 

Oxalate  of  Water,  HOjCgOg  +  2HO  =  63-26.— 32  grains 
of  oxalic  acid,  dissolved  in  1000  grains  of  water,  caused  an  in- 
crease of  18*5  at  a  temperature  of  55°;  the  same  quantity, 
being  subjected  to  a  second  experiment,  caused  an  increase  of 
19;  and  a  third  experiment,  in  which  21  grains  were  dis- 
solved in  9|  ounces  of  water,  occasioned  an  increase  of  12  at 
40''. 

I.  HO,  C^Og  -f-  2H0,  vol.  in  solution     36-5 

II ...  37-5 

III.  ...  ...  ...  360 

Mean     .     .  .  36*6 

A  whole  equivalent  thrown  into  turpentine  caused,  in  va- 
rious experiments,  an  increase  of  39*0,  which  gives  for  its 
specific  gravity  1'622.  Richter  states  the  specific  gravity  to 
be  1*507  ;  but  it  is  impossible  that  he  can  have  operated  upon 
a  pure  specimen,  as  we  have  repeated  the  experiments  upon 
this  acid  very  frequently. 

Oxalate  of  Potash,  KO,  C^  O3  +  HO  =  92-39.— A  quan- 
tity of  salt,  42-5  grains,  being  dissolved  in  1000  grains  of 
water,  gave  an  increase  of  13*0  ;  and  the  same  result  attended 
a  repetition  of  the  experiment,  the  temperature  in  both  cases 
being  at  60°. 

KO,  C^Og  +  HO,  vol.  in  solution     28-2 

46*2  grains  of  the  same  salt,  being  put  into  a  saturated  so- 
lution, caused  a  rise  in  the  stem  of  22-0;  a  repetition  of  the 
experiment  with  the  same  quantity  gave  the  increase  21*9, 
the  temperature  in  both  cases  being  61°. 

Sp.  gr. 
I.  KO,  C2  O3  f  HO,  vol.  of  salt     44-0     ...     2-100 

II.  ...  43-8     ...     2-109 

Mean     .     .     43-9     ...     2-104 

Oxalate  of  Ammonia,  NH4O,  C^  O3  +  HO  =  71-43.— Half 

an  equivalent  of  this  salt  (35-71  grains)  was  dissolved  in  1000 
grains  of  water  with  an  increase  of  18-0  at  a  temperature  of 
55° ;  and  a  repetition  of  the  experiment  with  the  same  quan- 
tities and  at  the  same  temperature,  gave  exactly  the  same  re- 
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I.  II.  NH4O,  Cg  O3  +  HO,  vol.  in  solution     36 
35*71  grains,  being  immersed  in  a  saturated  solution,  gave 
in  the  first  experiment  an  increase  of  24 "5,  in  the  second  of 
24'4 ;  the  first  experiment  being  at  48°,  the  second  at  50°. 

Sp.  gr. 

I.  NH4O,  Cg  O3  -f  HO,  vol.  of  salt     49-0     ...     1-458 

II.  ...  ...  ...  48^8     ...     1-464 

Mean  .  .  48-9  ...  1-461 
Binoxalate  of  Potash,  KO,  CgOg  +  HO,  CgOg  +  2HO  = 
146*63. — To  determine  the  volume  of  this  salt,  18-33  grains 
were  dissolved  in  1000  grains  of  water  with  a  rise  of  6-8  at  a 
temperature  of  5  7° ;  and  the  same  result  attended  a  repetition 
of  the  experiment ;  in  a  third  experiment,  25  grains  at  the 
same  temperature  caused  an  increase  of  9-0. 

I.  II.  Binoxalate  of  potash,  vol.  in  solution     54-4 
III.  ...  ...  ...  52-8 

Mean     .     .     53-6 
Half  an  equivalent  of  the  salt  (73-31  grains),  being  immersed 
in  a  saturated  solution,  caused  an  increase  of  37'4  in  the  first 
experiment,  and  of  37*2  in  the  second,  the  temperature  in 
both  cases  being  55°. 

Sp.  gr. 

I.  Binoxalate  of  potash,  vol.  of  salt     74-8     ...     1-960 

II.  ...  ...  ...  74-4     ...     1^971 

Mean     .     .     74-6     ...     1-965 

Oxalate  of  Copper  and  Potash,  KO,  Cg  O3  +  CuO,  Cg  O3 
+  2HO  =  177'25. — On  account  of  the  sparing  solubility  of 
this  salt,  11-08  grains,  or  the  sixteenth  part  of  an  equivalent, 
were  dissolved  in  water,  and  caused  an  increase  of  3-4  in  two 
experiments  at  a  temperature  of  59°. 

I.  II.  KO,  Cj  O3  +  CuO,  Cj  O3  +  2H0,  vol.  in  solution  54-4 
The  fourth  of  an  equivalent  (44*3  grains),  placed  in  a  satu- 
rated solution,  caused  an  increase  in  one  experiment  of  19-5  ; 
in  another  of  18-9 ;  and  in  a  third  of  19-7  J  all  at  a  temperature 
varying  from  54°  to  57°. 

I.  Oxalate  of  copper  and  potash,  vol.  of  salt 
II. 
III. 

Mean    .    . 

Binoxalate  of  Ammonia,  NH^O,  C^  O3-I-  HO,  C^  03  +  2110 
ss  125-69. — 31-42  grains  of  this  .salt,  dissolved  in  10()0  grains 
of  water,  cuuscd  in  the  first  experiment  an  increase  of  IH-Oat 
6OP;  in  the  second,  of  18-2  at  61°;  in  a  third  experiment,  of 


Sp.  gr. 

78-0 

...  2-272 

75-6 

...  2-344 

78-8 

...  2-249 

77-5 

...  2-2'88 
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17*8  at  54°;  in  a  fourth,  42  grains  dissolved  in  4100  grains 
of  water  increased  24*0  at  53°. 

1.  Binoxalate  of  ammonia,  vol.  in  solution     72*0 
II.  ...  ...  ...  72-8 

III.  ...  ...  ...  71-2 

IV.  ...  ...  ...  71-8 

Mean     .     .     7l'9 
The  half  of  an  equivalent  (62*84  grains),  being  immersed 
in  a  saturated  solution,  caused  an  increase  of  40*3  in  two  ex- 
periments, and  of  40*0  in  a  third. 

Sp.  gr. 

I.  Binoxalate  of  ammonia,  vol.  of  salt     80*6     ...     1*559 

II.  ...  ...  ...  80-6     ...     1-559 

III.  ...  ...  ...  80-0     ...     1-571 

Mean     .     .     80-4     ...     1-563 
Oxalate  of  Copper  and  Ammonia,  NH4O,  Cg  O3+  CuO,  C2O3 
+  2HO  =  156-38. — The  solution  of  18*3  grains  gave  an  in- 
crease of  8-6  at  65°;  this  gives  73'3  as  the  volume  of  this  salt 
when  in  solution. 

On  immersing  20  grains  in  turpentine,  an  increase  of  10*4 
was  obtained,  which  gives  for  the  volume  of  the  equivalent 
81*3,  and  for  the  specific  gravity  of  the  salt  1-923. 

Quadroxalate  of  Potash,  KO,  Cg  O3  +  3HO,  Cg  O3  +  4HO 
=  255-11. — 32-0  grains  dissolved  in  water,  gave  an  increase 
of  15'0  at  60°;  and  a  second  experiment,  in  which  16  grains 
were  dissolved  in  1000  grains  of  water,  gave  the  increase  of 
7-2  at  a  temperature  of  44°. 

I.  Quadroxalate  of  potash,  vol.  in  solution     119*4 
II.  ...  ...  ...  114*8 

Mean     .     .     117*1 
63-8  grains,  the  fourth  part  of  an  equivalent,  thrown  into  a 
saturated  solution,  caused  a  rise  of  35*1  in  two  experiments. 

Sp.  gr. 
I.  II.  Gluadroxalate  of  potash,  vol.  of  salt    140-4  ...  I-8I7 

Quadroxalate  of  Ammonia,KO,  C2O3  +  3HO,  C2O3  +  4HO 
=  234*  J  5. — On  dissolving  20  grains  of  this  salt  in  3500  grains 
of  water  at  50°,  the  increase  is  11*5,  which  gives  134-5  as  the 
volume  of  the  equivalent  in  solution. 

58-5  grains  of  the  salt,  thrown  into  a  saturated  solution, 
caused  in  the  first  experiment  an  increase  of  36*8,  in  the 
second  of  36-9,  both  at  a  temperature  of  62°. 

Sp.  gr. 

I.  Quadroxalate  of  ammonia,  vol.  of  salt      147*2    ...    1*591 

II.  ...  ...  ...  147-6    ...    1-586 

Meau     .     .     147-4    ...    1*589 
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The  volumes  of  the  oxalates  can  only  be  explained  by  an 
attentive  consideration  of  the  previous  results.  We  have 
already  seen  numerous  instances  in  which  the  primitive  vo- 
lumes 9*8  and  11*0  become  mutually  convertible ;  this  is  stri- 
kingly the  case  with  the  salts  of  the  present  section,  Hydrated 
oxalic  acid  has  a  volume  9*8  x  4;  oxalate  of  potash  possesses  the 
volume  11x3,  and  passes  with  this  volume  into  the  binoxalate 
and  quadroxalate  of  potash,  the  oxalic  acid  in  the  binoxalate 
being  associated  as  two  volumes  of  ice,  although  the  water  of 
crystallization  possesses  the  volume  11.  Quadroxalate  of 
potash  is  to  be  viewed  as  anhydrous  binoxalate  plus  2  equiv. 
hydrated  oxalic  acid,  the  latter  having  become  11x4  instead 
of  9*8  X  4.  The  same  explanation  applies  to  the  binoxalate 
and  quadroxalate  of  ammonia,  the  only  difference  being  that 
anhydrous  oxalate  of  ammonia,  9*8  x  4,  takes  the  place  of 
oxalate  of  potash.  On  these  views  the  following  table  is  con- 
structed. 


Table  XII. — Showing  the  volumes  occupied  by  certain  Oxalates. 


Designation. 


Vol.  in  solution. 


Volume  in  state  of  salt. 


Name. 


Formula. 


•a 


•I 
.ss 


> 


3^ 
9§ 


Oxalic  acid   

Oxalate  of  potash... 
Oxalate  of  ammo- 1 

nia J 

Binoxalate  of  pot- 1 

ash r 

Binoxalate  of  am- 1 

monia I 

Oxalate  of  copper  1 

and  potash J 

Oxalate  of  copjicr  \ 

and  ammonia...  / 
Quadroxalate     of  1 

potash    / 

Qua/lroxalatc     ofl 

ammonia    J 


HO,C2  03-f2HO 
KO.CaOs-l-IIO 

NH^CCjOa-l-HO 
KO,2C2  03.f3HO 

NH40,2Cj,03-|-3HO 

KO.CjOj-l-CuO.CjO,  ' 

+  2110 
Nll^O.CjOa+CuO.CjOa" 

-♦-2110 

K0  4C3  03-f7HO 
NH<0,4C.jO,+7HO 


63-26  36-6 

92-39  28-2 

71-43^  360 

146-63  53-6 

125-67  71-9 


177-26 
156-38 
25511 
23415 


54-4 

78-3 

117-1 

134-6 


36 
27 

36 
54 
72 
54 
72 
117 
185 


39-0 
43-9 

48-9 
74-6 
SO** 
77-6 
81-8 
140-4 
147-4 


4 
4 

5 
7 
8 
7 
8 
13 
14 


39-2 
44-0 

49-0 
74-6 
80-8 
77-0 
80-8 
140-6 
146-8 


1-616  H 
2-1002-1 

1-4581-4 
l-9651-{ 
I-.';.'-..'-.  I.' 

2-."i<M  ■_'-. 

I 
1-935  1  ; 

1-814  1-8 

1-595  1-5 


The  examination  of  the  volumes  occupied  by  the  oxalates 
presents  Hcvcral  point.s  of  great  interest.  The  volume  of  oxalic 
acid  itself  Ih  a  multiple  of  the  volume  of  ice,  or  9*8  x  4. 

Oxalate  ofijotash  in  its  solid  state  possesses  four  volumes, 
11x4,  but  loses  one  volume  on  passing  into  solution,  as 
usually  is  the  case  with  neutral  salts  of  potash.     As  one  of 
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these  volumes  is  due  to  its  combined  water,  the  proper  num- 
ber of  volumes  in  anhydrous  oxalate  of  potash  is  three  and 
these  it  carries  into  binoxalate  of  potash,  which  is  therefore  a 
simple  combination  of  oxalate  of  potash  and  hydrated  oxalic 
acid,  the  crystalline  water  of  the  latter  having  assumed  the 

^°1^"^^^1-                                                   Insolation.       As  a  salt. 
K0,C,03 18     ...     330 

HO,c,03  +  2HO  ...    36    ...   ire 

Binoxalate  of  potash  ...  54  ...  74-6 
The  pnly  difference  between  the  volumes  of  this  salt  and 
those  of  its  constituents,  when  uncombined,  is  that  the  cry- 
stalline water  of  the  hydrated  oxalic  acid  has  assumed  the 
volume  11.  Gluadroxalate  of  potash  consists  of  anhydrous 
binoxalate  of  potash  united  to  hydrated  oxalic  acid,  as  bra- 
ham  has  already  announced  in  his  researches  on  the  oxalates. 
The  three  volumes  affected  by  oxalate  of  potash  in  its  solid 
state  pass  into  solution  with  it  in  quadroxalate  of  potash,  just 
as  we  saw  in  the  case  of  chromate  and  bichromate  of  potash ; 
and  the  attached  oxalic  acid  affects  11  x4  instead  of  9-8  x  4. 
auu  vi  V.  In  solution.       As  a  salt. 

I.  Anhydrous  binoxalate  of  potash       45     ...       52*6 
II.  Hydrated  oxalic  acid   ....    _72     ...    .  ^^'Q 
Quadroxalate  of  potash     ...     117     ••.     140-6 
The  assumption  of  two  volumes  in  solution  above  those  of 
binoxalate  of  potash  was  already  characteristic  of  binoxalate 
of  ammonia,  and  the  same  increase  is  seen  in  the  quadroxalate, 
showing  clearly  that  that  salt  must  contam  its  ammonia  quasi 
Wnoxalate  and  not  as  oxalate  of  ammonia     It  is  very  possiWe 
that  the  volumes  in  solution  of  quadroxalate  of  ammonia  should 
be  14    instead  of  15,  but  the  temperature  31°,  at  which  it 
comes  out  14  volumes,  is  so  low,  that  it  is  more  natural  to 
keen  the  volumes  we  have  given  in  the  table. 

It  is  interesting  to  observe  how  closely  oxalate  of  copper 

relates  itself  to  oxalate  of  water.  ■ 

relates  i^o  Volumes  Volumes 

in  solution.  as  salt. 

Oxalate  of  copper  and  potash    .6         ...         7 
water  and  potash      -6         —         7 
copper  and  ammonia     8         ...         8 
water  and  ammonia  .8         ...         8 
Thus  even  in  the  apparently  anomalous  behaviour  of  bin- 
oxalate of  ammonia,  in  assuming  two  volumes  more  than  the 
corresponding  salt  of  potash,  we  find  oxalate  of  copper  and 
ammonia  imitating  its  example.    The  reason  of  their  increase 
will  be  explained  in  the  next  section. 
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Section  VIII. 
Subsalts  and  uimmoniacal  Salts. 

The  salts  which  we  have  hitherto  examined  have  been  those 
soluble  in  water,  and  having  a  constitution  to  a  certain  degree 
well-defined.  We  have  now  to  consider  the  insoluble  sub- 
salts,  and,  in  some  cases,  their  neutral  insoluble  types,  and 
also  to  ascertain  how  far  the  results  thus  obtained  serve  to 
throw  light  on  the  constitution  of  ammoniacal  salts. 

Subsulphate  of  Copper,  CuO,  SO3,  4HO  +  3CuO  =  234-9. 
— This  well-known  salt  was  made  by  adding  ammonia  to  a 
solution  of  sulphate  of  copper.  The  fourth  part  of  an  equi- 
valent, 5  8' 7  grains,  thrown  into  water,  caused  an  increase  of 
19*1  and  19'0  in  two  successive  experiments. 

Sp.  gr. 
I.  Subsulphate  of  copper,  vol.  of  salt  76*4     ...     3*074 

II.  ...  ...  76-0     ...     3-090 

Mean     .     .  76*2     ...     3*082 

Subsulphate  of  Zinc,  ZnO,  SO3,  3ZnO,  4HO  =  237-3.— 
This  salt  is  apt  to  combine  with  more  water  than  four  atoms, 
but  may  be  obtained  with  four  by  drying  at  212°.  On  placing 
29-66  grains,  the  eighth  part  of  an  equivalent,  in  turpentine, 
an  increase  of  9*5  was  obtained ;  and  on  treating  22*8  in  a 
similar  manner,  the  rise  in  the  stem  was  7*3.  Both  of  these 
experiments  exactly  agree  in  making — 

Sp.  gr. 
Subsulphate  of  zinc,  vol.  of  salt  76-0     ...     3*122 

Sulphate  of  Protoxide  of  Mercury ^  HgjO,  SO3  =  251*0. — 
This  salt  was  prepared  in  the  usual  way  by  digesting  one  part 
of  mercury  in  1  ^  part  of  sulphuric  acid.  The  fourth  of  an 
equivalent,  62*75  grains,  thrown  into  turpentine,  increased 

8*3. 

Sp.  gr. 
Hg^O,  SOg,  vol.  of  salt    33*2     ...     7*560 

Sulphate  of  Peroxide  of  Mercury,  IlgO,  SO3  =  149*6. — 
The  salt  used  in  the  experiment  was  pre])iiro(l  by  heating  five 
parts  of  sulphuric  acid  mixed  with  a  little  nitric  acid,  with  four 
partH  of  mercury  until  the  whole  became  a  dry  saline  mass. 
On  immersing  37*5  grains  of  the  salt  thus  prepared  in  tur- 
pentine, an  increase  of  5*8  was  obtained,  which  gives  23*1  for 
the  volume  of  the  equivalent,  and  6*466  for  the  specific  gra- 
vity of  the  salt. 

Subsulphate  of  Mercury,  HgO,  SO3  +  2lIgO  =  368*46.— 
Th(5  laat  salt  thrown  into  water  and  washed  with  warm  water 
U  converted  into  the  beautiful  yellow  powder  known  as  tur- 
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peth  mineral.  On  throwing  57*4  grains  of  this  salt  thus  pre- 
pared into  water,  an  increase  of  6*9  was  obtained,  which  gives 
44*3  as  the  volume  of  the  equivalent,  and  8'319  as  the  spe- 
cific gravity  of  the  salt. 

Chromate  of  Lead,  PbO,  CrOg  =  163 '97. — On  throwing 
81*98  grains  of  the  chromate  of  lead,  previously  well-dried, 
into  turpentine,  an  increase  of  14'5  was  effected ;  this  gives 
29*0  as  the  volume  of  the  equivalent,  and  5*653  as  the  specific 
gravity  of  the  salt. 

SubcJiromate  of  Lead,  PbO,  CrOg  +  PbO  =  275*7.— This 
salt  was  prepared  by  projecting  chromate  of  lead  into  melted 
nitre,  and  afterwards  washing  out  all  soluble  matter.  On  im- 
mersing 68*92  grains,  the  fourth  part  of  an  equivalent,  an  in- 
crease of  iro  was  obtained  in  two  experiments.  This  gives 
44*0  for  the  volume  of  the  equivalent,  and  6*266  as  the  spe- 
cific gravity  of  the  salt. 

Sesquibasic  Chromate  of  Lead,  2  (PbO,  CrOg)  +  PbO  = 
439*67. — The  mineral,  melanchroit,  is  of  the  composition  ex- 
pressed by  the  above  formula,  and  has  a  specific  gravity  of 
5*75  according  to  Hermann  ;  this  gives  the  number  765  as  the 
atomic  volume  of  the  compound. 

Subnitrate  of  Copper,  CuO,  NO5,  HO,  2CuO  =  182*17.— 
The  fourth  part  of  an  equivalent,  45*54  grains,  caused  an  in- 
crease of  16*5  in  two  experiments,  and  of  16*4  in  a  third. 

Sp.  gr. 

I.  CuO,  NO5,  HO  +  2CuO,  vol.  of  salt     66*0     ...     2*760 

II.  ...  ...  ...  66*0     ...     2*760 

III.  ...  ...  ...  65*6     ...     2*777 

Mean     .     .     65*87  ...     2*765 

A.  Subnitrate  of  Bismuth,  BiO,  NO5,  HO +  2BiO  =  300*4. 

— This  salt  was  prepared  in  the  same  manner  as  subnitrate  of 
copper,  viz.  by  heating  the  nitrate  to  400°  or  500°.  The  fourth 
part  of  an  equivalent,  75*1  grains,  thrown  into  water,  caused, 
in  various  experiments,  an  increase  of  16*5,  which  gives  66*0 
as  the  atomic  volume,  and  4*551  as  the  specific  gravity  of  the 
salt. 

B.  Subnitrate  of  Bismuth,  BiO,  NO5  +  2BiO  =  291-4.— 
This  salt  was  prepared  by  adding  nitrate  of  bismuth  to  a 
large  quantity  of  water;  the  white  powder  which  falls  by  this 
treatment,  is  composed,  according  to  Phillips,  of  three  equiva- 
lents of  oxide  of  bismuth  united  to  one  of  nitric  acid.  It  is 
therefore  the  same  salt  as  the  one  last  described,  deprived  of 
its  constitutional  water.  On  immersing  72*85  grains  of  the 
salt  in  water,  arise  in  the  stem  of  13*9  was  effected,  and  36*43 
grains  treated  in  the  same  way  gave  an  increase  of  6*9. 
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I.  3BiO,  NO^,  vol.  of  salt     55-6     ... 
II.  ...  ...  55^2     ... 

Mean     .     .     55*4     ... 

Suhnitrate  of  Mercury,  HgO,  NO5  HO  +  2HgO  =  391-49. 
— This  salt  was  obtained  in  a  yellow  powder  by  adding  the 
crystallized  subnitrate  of  mercury  to  water,  and  washing  it, 
according  to  the  directions  of  Kane,  with  hot,  but  not  boiling 
water.  The  fourth  part  of  an  equivalent,  97'87  grains,  thrown 
into  turpentine,  caused  an  increase  of  16*4,  which  gives  65*6 
as  the  atomic  volume  of  the  salt,  and  5*967  as  the  specific 
gravity. 

Ammoniacal  Sulphate  of  Copper,  CuO,  SOg  HO,  +  2NH3= 
123'0. — This  salt  has  already  been  described  in  a  previous 
section ;  it  had  a  volume  of  54*0  or  9  x  6  in  a  state  of  solu- 
tion, and  of  68*6  or  9*8  x  7  in  the  solid  state.  The  salt  exa- 
mined in  that  case  was  in  fine  large  indigo  blue  crystals,  and 
was  prepared  by  ourselves.  Another  portion,  made  by  Mr. 
Morson  in  small  crystals,  we  found  to  possess  a  volume  of 
68*0  and  specific  gravity  of  1*809.  When  this  salt  is  heated 
it  loses  one  equivalent  of  water  and  one  of  ammonia,  being 
converted  into  a  green  powder,  the  formula  of  which  is  CuO, 
SO3  -I-  NHg ;  24*27  grains  of  this,  thrown  into  turpentine, 
caused  an  increase  of  9*8,  which  gives  39*2  as  the  volume  of 
the  equivalent,  and  2*476  as  the  specific  gravity  of  the  salt. 
The  latter  salt  on  being  moistened  with  water  absorbs  three 
equivalents,  £^nd  therefore  assumes  the  atomic  weight  of 
124*07;  the  fourth  part  of  which,  31*0  grains,  thrown  into 
turpentine,  caused  an  increase  of  15*9,  making  the  atomic 
volume  of  CuO,  SO3  +  NH3  +  3  HO,  63*6,  and  its  specific 
gravity  1*950. 

Ammonia-Sulphate  of  Zinc. — Kane  describes  several  am- 
monia-sulphates of  zinc,  obtained  by  passing  a  stream  of  am- 
monia through  a  hot  solution  of  sulphate  of  zinc,  until  the 
precipitate  at  first  formed  is  redissolved.  The  solution  thus 
obtained  deposited  transparent  crystals  in  a  few  hours,  but 
these  effloresced  so  (juickly  after  being  dried,  that  we  did  not 
determine  their  specific  gravity.  The  effloresced  crystals 
have,  according  to  Kane,  the  formula — 

ZnO,  SOa  -h  2  NH3  +  2  HO  =  132-8. 

We  fear,  however,  that  we  have  not  been  successful  in  |)ro- 
curing  this  salt  in  its  proper  state,  as  the  determination  of  its 
volume  varied  between  57'5  and  6l-(),  results  so  discordant, 
that  it  would  not  be  safe  to  take  their  nu:an  as  a  correct  w- 
•ult.     On  heating  this  ualt  it  loses  wutcr  and  ammonia,  being 
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converted  into  ZnO,  SO3  +  NH3;  267  grains  of  which  (the 
fourth  of  an  equivalent),  thrown  into  turpentine,  caused  an 
increase  of  10*8,  which  gives  39*5  as  the  volume  of  the  salt, 
and  2*479  for  its  specific  gravity. 

Ammonia-Sulphate  of  Mercury,  HgO,  SOg+  HgAd  +  2HgO 
=  486*0. — This  salt,  which  Kane  calls  the  Ammonia  Turpeth, 
was  prepared  by  heating  turpeth  mineral  with  ammonia  un- 
til it  became  changed  to  a  heavy  white  powder.  The  eighth 
part  of  an  equivalent,  60*75  grains,  immersed  in  water,  caused 
an  increase  of  8*3  in  two  experiments ;  this  makes  the  volume 
of  the  compound  66*4,  and  its  specific  weight  7'319. 

Ammonia- Sulphate  of  Silver,  AgO,  SO3  +  2NH3  =  190*86. 
— This  salt  was  obtained  in  the  usual  way,  by  dissolving  sul- 
phate of  silver  in  ammonia  and  crystallizing.    The  first  speci- 
men tried  was  in  small,  indistinct  crystals,  in  the  second  in- 
stance the  crystals  were  large  and  well-defined.    25*62  grains 
gave  an  increase  of  8*6,  and  37'7  grains  of  the  better  specimen 
of  salt  gave  the  increase  13*2. 

Sp.  gr. 

I.  AgO,  SO3  +  2NH3,  vol.  of  salt    64*0     ...     2*979 

II.  ...  ...  ...  66*8     ...     2*857 

Mean     .     .     65*4     ...     2*918 

Ammonia-Chromate  of  Silver,  AgO,  Cr03  +  2NH3  =  202'8. 
— This  salt  was  obtained  in  fine  large  crystals,  in  the  same 
manner  as  the  last  salt.     On  immersing  25*35  grains  in  tur- 
pentine, the  increase  was  8*3,  and  on  treating  50*7  grains  in 
the  same  way,  the  increase  was  16*5. 

Sp.  gr. 

I.  AgO,Cr03  +  2NH3,  vol.  of  sah     66*4     ...     3*054 

II.  ...  ...  ...  66*0     ...     3*073 

Mean     .     .     66*2     ...     3*063 

Ammonia-Nitrate  of  Copper,  CuO,  NO5  +  2NH3  =3  128*4. 
— On  dissolving  64*2  grains,  half  an  equivalent,  in  1000  grains 
of  water,  the  increase  was  32*0  in  two  experiments  at  a  tem- 
perature of  60°;  this  makes  the  atorhic  volume  in  solution 
64*0.  On  putting  the  same  quantity  into  turpentine,  there 
was  a  rise  in  the  stem,  in  three  experiments,  of  34  0,  34*0, 
and  34*8. 

I.  CuO,  NO5  +  2NH3,  vol.  of  salt 

II.  

III.  

Mean     .     .     68^     ...     1*874 

Ammonia-Sub-Nitrate  of  Mercury,  HgO,  NO5  +  2HgO 
+  NH3  =  399*7. — This  salt  was  prepared  by  adding  a  dilute 


Sp.  gr. 

68*0     . 

.     1-888 

68*0     . 

.     1*888 

69-6     . 

.     1*845 
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solution  of  ammonia  to  nitrate  of  mercury,  and  was  of  a  pure 
milk-white  colour,  as  described  by  Kane.  On  throwing  40 
grains  of  this  compound  into  water,  an  increase  of  6*7  was 
obtained ;  this  gives  a  volume  of  67*0  on  the  equivalent,  and 
5'970  as  the  specific  gravity  of  the  salt. 

Chloride  of  Copper,  CuCl=67'l8. — The  volume  of  hydrated 
chloride  of  copper  was  shown  to  be  33  or  3  x  1 1 ;  but  we  have 
not  yet  examined  the  bulk  occupied  by  the  anhydrous  chlo- 
ride. The  chloride  was  deprived  of  its  water  by  a  heat  con- 
siderably below  that  of  redness,  in  order  to  prevent  the  forma- 
tion of  any  sub-chloride.  On  throwing  33*59  grains,  or  half 
an  equivalent,  into  turpentine,  the  increase  in  two  experiments 
was  exactly  11*0,  which  gives  22"0  as  the  volume  of  the  salt, 
and  3'054  as  its  specific  gravity. 

Ammonia-Chloride  of  Copper,  CuCl  +  2NH3  +  HO=:110'3. 
— ^This  salt  was  made  by  passing  a  stream  of  ammonia  through 
a  solution  of  chloride  of  copper  until  the  precipitate  formed 
had  completely  redissolved.  The  crystals,  which  deposited  as 
the  solution  cooled,  were  dried  in  a  receiver  containing  slaked 
lime,  so  as  to  prevent  the  carbonic  acid  of  the  atmosphere 
acting  upon  the  ammonia ;  but  in  spite  of  this  precaution  the 
crystals  had  slightly  effloresced  on  the  surface.  The  efflo- 
resced matter  was  removed,  and  the  pure  crystals  employed. 
27'6  grains  of  them,  when  thrown  into  turpentine,  produced 
in  two  experiments  an  increase  of  16'5,  making  the  volume 
of  the  salt  66*0,  and  its  specific  gravity  1*672.  On  dissolving 
the  same  quantity  of  salt,  27*6  grains,  in  1000  grains  of  water, 
the  rise  was  15*9  at  62°,  making  the  volume  of  the  salt  when 
in  solution  63 '6. 

On  exposing  this  salt  to  heat,  water  and  ammonia  are  ex- 
pelled, and  a  green  powder  remains,  having  the  formula  CuCl 
+  Nri3.  21*07  grains  of  this  salt  thrown  into  turpentine  pro- 
duced an  increase  of  9*6,  making  the  volume  of  the  equiva- 
lent 38*4,  and  the  specific  gravity  of  the  salt  2*194. 

Subchloride  of  Copper,  CujCl  =  98*89. — Tlie  subchloridc 
used  in  the  experiment  was  made  by  adding  protochloride  of 
tin  to  a  solution  of  chloride  of  copper.  During  the  desicca- 
tion of  the  salt  it  became  slightly  green,  showing  that  a  little 
chloride  had  been  formed  by  the  absorption  of  oxygen ;  but 
the  change  was  so  slight  as  probably  not  to  interfere  mate- 
rially with  the  result;  42*2  grains,  thrown  into  turpentine, 
caused  an  increase  of  12*5,  which  gives  29*2  as  the  volume, 
and  3*376  as  the  specific  gravity  of  the  salt. 

Subchloride  of  Mercury,  HggCl= 238*33.— The  fourth  part 
of  an  equivalent,  59*58  grains,  thrown  into  turpentine,  caused 
an  increase  of  8*3. 
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Sp.  gr. 
Calomel,  vol.  of  salt     33-2     ...     7-178 

Hassenfratz  states  the  specific  gravity  to  be  7*l76j  a  result 
very  near  our  own  determination. 

Subchloride  and  Amide  of  Mercury,  Hg2Cl  +  HggAd  s= 
458a. — The  eighth  part  of  an  equivalent,  57*26  grains,  thrown 
into  water,  caused  an  increase  of  8'3  and  8*4  in  two  experi- 
ments. 

Sp.  gr. 

I.  Black  compound  of  calomel     67*2     ...     6*816 

II.  ...  ...  66-4     ...     6-899 

Mean     .     .     66*8     .,.     6-858 

The  salt  used  in  the  experiments  was  prepared  in  the  usual 
way,  by  acting  upon  calomel  with  ammonia. 

Chloride  and  Amide  of  Mercury,  HgCl4-HgAd=254-5. — 
The  excellent  researches  of  Kane,  so  often  alluded  to,  have 
shown  that  the  above  formula  represents  the  composition  of 
white  precipitate.  It  must  be  dried  by  a  pretty  strong  heat, 
to  get  rid  of  all  its  hygrometric  water.  On  projecting  63-8 
grains,  the  fourth  of  an  equivalent,  into  water,  an  increase  of 
11-2  was  obtained  in  two  experiments;  this  gives  44-6  as  the 
specific  volume  of  the  compound,  and  5*700  as  its  specific 
gravity. 

Basic  Chloride  and  Amide  of  Mercury,  HgCl  +  HgAd  + 
2HgO  =  473-3. — This  yellow  compound  was  made  in  the 
usual  way,  by  boiling  white  precipitate  with  water.     On 
throwing  59*2  grains  into  water,  the  rise  was  8-2  in  one  ex- 
periment, and  8 '3  in  another. 

Sp.  gr. 

I.  The  above  salt,  volume    65-5     ...     7*220 

II.  ...  ...  66^    ...     7-132 

Mean     .     .     65-9     ...     7-176 
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Table  XIII. — Showing  the  Volumes  occupied  by  certain  Subsalts  and 

Salts  of  Ammonia. 

Designation. 

Volume 
in  solution. 

Volume  of  salt. 

Name. 

Formula. 

Atomic 
weight. 

1g 

Jl 

> 

6- 

'S 

3 
C 
1 

1 

S 
I 

•sl 

1 

8 
a 

3 
I 

a: 

C/2 

Subsnlphate  of  copper  

r  CuO,  SO3,  3CuO  1 
1      +4H0              1 
/  ZnO,  SO3,  3ZnO  1 
I      +4H0              I 
ng,0,  SO3 

ngO,so3 
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The  important  researches  of  Graham  have  shown  that  water 
plays  a  most  important  part  in  the  constitution  of  salts ;  and 
that  salts  with  an  excess  of  base  may  be  viewed  as  hydrates, 
in  which  oxide  of  hydrogen  becomes  replaced  by  a  metallic 
oxide.  The  previous  experiments  will  be  found  to  give  this 
theory  the  fullest  confirmation.  Sulphate  of  zinc  crystallizes 
with  seven  atoms  of  water  and  affects  a  volume  of  74*6  ;  and 
sulphate  of  copper  assumes  the  same  state  of  hydration,  when 
crystallized  with  the  latter  salt,  although  per  se  it  assumes 
only  five  atoms.  Placing  together  the  subsulphates  and  hy- 
drated  sulphates  of  these  metals,  we  perceive  not  only  a  close 
similarity  in  their  formulae  but  also  in  their  volumes,  as  ascer- 
tained by  experiment. 

Difference. 

ZnO.  SO3,  3HO,  4HO,  vol.     74-6  \         , 

ZnO,  SO3,  3ZnO,  4HO,    ..      76*0  J 

CuO,  SO3,  3HO,  4HO,  vol.     74-6  \  „ 

CuO,S03,3CuO,4HO,   ..      76-2 J 

The  difference  between  the  two  states  of  the  sulphates  is 
probably  greater  as  stated  than  it  actually  is.  We  have  al- 
ready shown  that  the  magnesian  sulphates  with  seven  atoms 
of  water  do  not  possess  a  volume  of  77*0>  because  two  of  the 
atoms  possess  a  volume  of  9*8  instead  of  ll'O ;  and  perhaps 
a  similar  circumstance  tends  to  reduce  the  volume  of  the  sub- 
sulphates.  Similar  instances  of  replacement  of  water  by  a 
metallic  oxide  are  seen  in  other  parts  of  the  table.  We  have 
already  shown  that  nitrates  of  copper  and  bismuth  possess  a 
volume  of  58*8  or  9*8  x  G.  We  have  also  seen  instances 
in  which  9*8,  the  volume  of  ice,  in  feeble  compounds,  be- 
came changed  into  the  volume  1 1  when  the  salt  entered  into 
combination.  In  this  point  of  view,  the  subsalts  MO,  NO5 
+  HO  +  2MO  become  assimilated  to  the  hydrated  nitrates 
MO,  NOg  +  HO  -h  2HO,  the  number  of  volumes  in  both 
cases  being  the  same,  the  only  difference  being,  that,  in  the 
former  case,  the  salts  are  multiples  of  11,  and  in  the  latter 
of  9*8,  or  the  volume  of  ice.  The  hydrated  type  affects  six 
volumes,  and  so  do  the  subnitrates,  as  will  be  seen  by  the 
following  table. 

CuO,  NO5,  HO +  2CuO,  volume  65-9  or  11x6 
BiO,N05,  HO  +  2BiO,  ...  66-0...  11x6 
HgOjNOs,  HO  +  2HgO      ...        65-6...  11x6 

We  have  further  evidence  of  the  equivalency  of  water  to  the 
metallic  oxide  in  anhydrous  nitrate  of  bismuth,  which  has  a 
volume  of  55*0  or  66  — 11  ;  the  formula  for  the  salt  being 
BiO,  NO5+  2BiO.   The  conversion  of  the  volume  9*8  into  11 
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is  by  no  means  uncommon,  and  is  again  seen  in  the  subchro- 
mates  of  lead.  Chromate  of  lead  has  a  volume  sensibly  the 
multiple  of  9*8. 

By  experiment.  By  calculation, 

Chromate  of  lead  29-0  ...  5-653     ...     9-8  x  3  =  29'4  ...  5*577 

BouUay  gives  the  specific  gravity  of  oxide  of  lead  as  9'5, 
which  indicates  the  volume  11'7>  a  number  not  far  from  11, 
which  we  take  as  the  unit  volume.  Subchromate  of  lead  con- 
sists of  one  equivalent  of  the  neutral  chromate  united  to  one 
of  oxide  of  lead,  but  the  three  volumes  of  ice  in  the  former  have 
changed  in  the  subsalt  to  1 1  x  3,  and  the  same  is  the  case  in 
the  mineral  raelanchroit,  which  contains  two  equivalents  of 
chromate  of  lead  united  to  one  of  oxide  of  lead. 

Subchromate  of  lead,  PbO,  Cr03+PbO  =  44  or  11  x  4 
Melanchroit,  2  (PbO,  CrOa)  +  PbO  =  76-5  or  11  x  7 

In  these  salts  we  clearly  see  that  oxide  of  lead  takes  up 
the  volume  and  plays  the  part  of  an  atom  of  water,  although 
we  are  ignorant  of  their  hydrated  types.  The  same  function 
of  an  oxide  is  seen  in  turpeth  mineral,  in  M-hich  the  2HgO, 
attached  to  HgO,  SOg,  assumes  the  volume  of  two  atoms  of 
water,  22  +  22  =  44.  There  can  be  little  doubt  from  the  pre- 
vious examples  of  the  equivalency  of  CuO,  ZnO,  BiO,  HgO, 
and  PbO,  not  only  to  each  other  but  also  to  water ;  and  this 
will  be  still  more  strongly  seen  by  placing  the  volumes  of  these 
and  other  anhydrous  magnesian  sulj)hates  along  with  the  vo- 
lume of  sulphate  of  water  itself,  as  deduced  from  bisulphate 
of  potash. 

Sulphate  of  Water,  vol.  by  experiment     22-0 
Zinc  ...  21-8 

Copper  ...  22-0 

Iron  ...  24*0 

Cobalt  ...  22-0 

Mercury  ...  23*1 

The  only  cases  in  which  there  is  an  appreciable  difference 
from  sulphate  of  water  arc  those  of  sidphatcs  of  iron  and 
mercury,  neither  of  which  salts  can  be  obtained  without  diffi- 
culty perfectly  pure  in  an  anhydrous  state. 

But  if  the  equivalency  of  the  magnesian  metals  to  each 
other  and  to  hydrogen  be  left  in  any  doubt  by  the  preceding 
tabic,  this  douot  would  be  entirely  removed  by  a  consideration 
of  the  magnesian  chlorides.  The  strongest  muriatic  acid  ob- 
tained has,  according  to  Thomson,  a  specific  gravity  of  1*203, 
and  contains  40'G(>  per  cent,  of  dry  muriatic  acid ;  which  is 
equal  to  5*91,  obviously  six  atoms  of  water  to  one  of  muriatic 
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acid,  as  pointed  out  by  Kane.     The  atomic  weight  of  this 

compound,  divided  by  its  specific  gravity,  is  t^^^I  =  75*2, 

which  is  not  far  from  72*0  or  9  x  8,  considering  that  the  re- 
sult remains  uncorrected  for  expansion  ;  this  gives  a  volume 
of  18*0  or  9  X  2  for  muriatic  acid.  The  acid  which  possesses 
a  constant  boiling-point  and  distils  over  unchanged  has  a  spe- 
cific gravity  of  r094,  and  contains  19' 19  per  cent,  of  absolute 
acid,  according  to  Davy,  and  20*44  per  cent,  according  to 
Thomson.     The  mean  of  their  results  indicates  the  acid  to 

180*47 
contain   16*4,  or  nearly  IG  atoms   of  water.      Now  --- — - 
''  1-094 

=  1G5,  which  is  not  far  from  162,  the  volume  of  9x18,  ma- 
king for  the  volume  of  muriatic  acid  in  strong  solutions  18*0 
or  9  X  2,  a  result  the  same  as  that  obtained  by  the  last  cal- 
culation. These  results,  and  that  given  in  a  previous  section, 
along  with  the  fact  that  hydrochloric  acid  gas  has  twice  the 
volume  of  steam,  leave  no  doubt  that  muriatic  acid  affects  two 
volumes ;  and  converting  the  liquid  into  the  solid  volume,  we 
have  a  volume  of  22*0  or  1 1  x  2  as  the  atomic  volume  of  solid 
muriatic  acid.  By  contrasting  this  volume  with  the  experi- 
mental results  on  the  magnesian  chlorides,  wc  find  a  very 
great  similarity. 

Chloride  of  Hydrogen,  volume  22*0  or  1 1  x  2 

Cobalt  ...  22*2 

Magnesium    ...  22*1 

Calcium         ...  22*4 

Copper  ...  22*0 

Mercury         ...  22*0 

In  dilute  solutions  muriatic  acid  affects  only  one  volume, 

and  this  has  been  shown  to  be  also  the  case  with  chlorides  of 

copper  and  cobalt.     Whether  nitrate  of  water  and  nitrate  of 

a  magnesian  oxide  possess  the  same  volume  it  is  difficult  to 

decide.     Nitrate  of  water  in  the  acid  of  specific  gravity  1*42 

seems  to  aflfect  four  volumes,  and  this  acid,  HO,  NO^j  +  SHO 

is  constituted  on  the  same  type  as  CuO,  NOg  +  3HO ;  yet 

90'2       63 

Y7—  =  -^  =  7>  which  gives  four  volumes  for  HO,  NO5,  while 

nitrate  of  copper  certainly  docs  not  possess  more  than  three 
volumes.  Nitrate  of  water  calculated  on  weak  acids  has 
three  volumes ;  but  there  being  no  good  fixed  point  upon 
which  to  make  the  calculation,  we  must  leave  at  present  this 
point  undetermined. 

An  important  question  now  arises  as  to  the  truth  of  the 
supposition  that  two  atoms  of  a  magnesian  metal  are  equal  to 

r/iil.  Mag.  S.  3.  No.  183.  Supj^l-  Vol.  27.  2  M 
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one  of  the  family  of  which  potassium  stands  as  the  type.  In 
calomel  and  chloride  of  ammonium  we  have  a  direct  case  in 
point,  and  the  similarity  of  volumes  is  very  striking. 

Diff. 
Chloride  of  ammonium,  NH4CI  .  .  .  34'0\,  q 
Calomel,  HggCl 33-2  /^^'^ 

In  this  case  we  have  taken  chloride  of  ammonium,  because 
KCl  assumes  the  volume  of  four  atoms  of  ice. 

Subchloride  of  copper,  like  NH4CI,  possesses  three  volumes, 
according  to  Karsten's  experiments  and  our  own,  but  these 
three  volumes  are  multiples  of  9*8,  and  not  of  11*0. 

By  experiment.  B}'  calculation. 

, * ,      , -^ . 

Subchloride  of  copper,  vol.  29'2  3*376     9-8  X  3  =  29*4  3*363 

Another  illustration  is  furnished  in  sulphate  of  protoxide 
of  mercury  and  sulphate  of  potash. 

Diff. 
Protosulphate  of  mercury,  vol.  33*20"!  „,_ 
Sulphate  of  potash    ....     33*05  J 

These  are  instances  in  which  two  atoms  of  a  magnesian 
metal  are  at  once  shown  to  be  equivalent  to  one  of  a  metal  of 
the  potash  family ;  but  it  does  not  thereby  preclude  the  pos- 
sibility of  two  atoms  of  a  magnesian  oxide  being  equivalent 
to  one  atom  of  potash.  For  example,  a  magnesian  sulphate, 
MgO,  SO.5,  affects  a  volume  22,  or  11  x  2,  while  the  same 
salt  united  to  an  atom  of  constitutional  water  has  the  volume 
33,  or  MgO,  SOgHO  becomes  equal  to  KO,  SO3,  which 
also  possesses  a  volume  of  33.  The  most  striking  case,  how- 
ever, is  seen  when  crystallized  subnitratc  of  lead  is  compared 
with  nitrate  of  potash. 

Nitrate  of  potash,  KO,  NO.^,  vol 49*0 

Subnitrate  of  lead,  PbO,  NOg  +  PbO,  vol.    .     49*0 

The  fact  that  two  atoms  of  a  magnesian  oxide  are  equiva- 
lent to  one  of  potash,  appears  to  find  its  explanation  in  the 
circumstance  that  wc  uniformly  find  the  salt  of  potash  assu- 
ming one  volume  greater  than  the  corresponding  salt  of  mag- 
nesia. Hence,  as  the  volume  of  the  oxides  corresponding  to 
the  latter  body  is  equal  to  unity,  the  equivalency  of  two  of 
their  atoms  to  one  of  potash  becomes  n  matter  of  necessity. 

To  8tmi  up  these  remarks,  wc  conceive  (1.)  that  (iraliam 
hflH  tiiken  the  correct  view  in  supposing  subsalts  to  represent 
hydratcd  salts,  in  which  water  has  been  replaced  by  a  mc- 
tnllic  oxide ;  and  (2.)  that  the  v(»lume  of  two  atoms  of  a  metal 
of  the  magnesian  family,  in  which  wc  include  hydrogen,  is 
equal  in  volume  to  one  of  the  potaRsium  group ;  or  two  atoms 
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of  the  former  oxide,  when  combined,  to  one  of  the  latter. 
We  are  now  in  a  condition  to  consider  the  salts  of  ammonia. 
It  is  quite  unnecessary  to  remind  chemists  that  there  are 
two  rival  theories  regarding  the  constitution  of  ammoniacal 
salts.  One  of  them,  proposed  by  the  profound  Berzelius,  is 
that  the  salts  of  ammonia  contain  a  hypothetical  radical 
termed  ammonium,  consisting  of  one  equivalent  of  nitrogen 
apd  four  equivalents  of  hydrogen.  Sulphate  of  ammonia  is 
to  be  viewed  as  sulphate  of  oxide  of  ammonium,  the  latter 
hypothetical  body  being  equivalent  to  potash  ;  and  hence  the 
isomorphism  between  the  salts  of  potash  and  ammonia.  The 
other  view  of  the  constitution  of  ammonia  is  that  proposed 
by  Kane,  and  so  elaborately  supported  by  him  in  his  paper 
on  subsalts  and  ammoniacal  compounds*.  Dr.  Kane  sup- 
poses that  an  ammoniacal  salt  is  formed  on  the  type  of  a 
magnesian  salt,  carrying  along  with  it  constitutional  water. 

Sulphate  of  copper    .     .     .     CuO,  HO,  SO3 
Sulphate  of  ammonia     .     .     HO,  NH2H,  SO3 

On  this  view,  amide  of  hydrogen  is  equivalent  to,  and  plays 
the  part  of  an  atom  of  water.  If  this  be  the  case,  amidogene 
must  be  analogous  to  oxygen,  and  ammonia  and  a  magnesian 
oxide  must  possess  the  same  atomic  volume.  At  present  all 
this  is  purely  hypothetical,  and  must  be  subjected  to  the  test 
of  experiment  before  we  can  admit  it  as  a  safe  foundation  on 
which  to  rear  a  theory.  The  means  of  deciding  this  question 
seemed  to  present  itself  in  an  examination  of  the  amides  of 
mercury,  and  of  the  crystallized  salts  of  copper  and  zinc,  in 
which  the  ammonia  is  present  quasi  ammonia;  and  such 
compounds  have  been  described  in  the  beautiful  researches  of 
Kane  on  this  subject.  Wohler's  white  precipitate,  HgCl 
-I-  NHg  seems  to  be  constituted  in  the  most  simple  manner, 
and  possesses  a  volume  of  33*0,  which,  deducting  the  volume 
22*0  for  ligCl,  leaves  11*0,  or  unity,  as  the  volume  of  NH3. 
But  again,  white  precipitate,  HgCl  -f  HgNHg,  affects  a  volume 
of  44*6  by  experiment,  which,  deducting  22"0  for  HgCl,  leaves 
HgNHg  also  equal  to  22*0,  and  yet  the  latter  compound 
should  correspond  in  volume  to  NHgH.  The  heavy  yellow 
powder  obtained  by  boiling  white  precipitate  with  water  has 
a  volume  of  GG'O,  and  is  constituted  according  to  the  formula 
(HgCl  +  IlgAd)  +  2HgO;  so  that  deducting  44*0,  the  ascer- 
tained volume  of  the  double  amide  and  chloride,  22  or  11  x  2 
remains  for  two  atoms  of  HgO,  giving  the  same  result  as  in 
the  former  subsalts,  viz.  the  equivalency  of  HgO  to  HO,  but 
not  to  HgNHg;  and  another  proof  of  this  is  afforded  in  the 

*  Transactions  of  the  Royal  Irish  Academy,  vol.  xix.  part  1. 
2  M  2 
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reduction  of  the  volume  of  ammonia  turpeth.  From  this  cir- 
cumstance, the  view  would  appear  probable  that  amide  and 
chloride  of  mercury  are  equivalent,  and  hence  would  follow 
the  equivalency  of  chlorine  to  amidogene.  This  receives  fur- 
ther support  from  the  volume  of  the  double  subamide  and 
subchloride  of  mercury,  HggCl  +  HggAd,  which  has  a  volume 
of  66*8,  according  to  experiment.  Calomel  itself  possesses 
the  volume  33*2,  which,  deducted  from  that  of  the  salt  just 
described,  gives  33*6  as  the  volume  of  HggAd,  showing  the 
complete  equivalency  of  the  latter  to  the  subchloride. 

It  has  been  shown  that  chloride  of  mercury  and  chloride 
of  hydrogen  are  equivalent,  and  it  now  remains  to  be  shown 
by  direct  proof  that  amide  of  hydrogen  (ammonia)  is  embraced 
in  the  same  category.  Ammonia-chloride  of  copper,  CuCl 
+  NH3,  was  found  with  a  volume  of  39*2  or  9*8  x  4  ;  chloride 
of  copper  itself  affects  two  volumes,  which  leaves  for  Ad,  H, 
as  deduced  from  this  salt,  also  two  volumes.  But  the  am- 
monia in  CuCl  +  2NHg-f  HO,  if  we  were  to  suppose  the  salts 
constituted  in  a  manner  so  simple  as  expressed  by  their  em- 
pirical formulre,  would  only  have  a  volume  of  33*0  for  two 
atoms,  or  1^  volume  for  each. 

In  proceeding  further,  it  will  be  seen  that  we  involve  our- 
selves in  inextricable  difficulties,  if  we  insist  upon  the  equiva- 
lency of  NHgH  to  HO;  or  suppose  the  ammoniacal  salts, 
such  as  those  described,  to  be  constituted  on  the  type  of  the 
hydrated  salts.  Thus,  ammonia-sulphate  of  copper,  CuO, 
SO3  +  2NH3  +  HO,  has  a  volume  of  G8-6  or  9-8  x  7  in  its  solid 
state,  and  of  54  or  9  x  G  when  in  solution.  Deducting  19*G 
for  CuO,  SO3,  and  9-8  for  HO,  there  is  again  left  39-2,  or 
9'8  X  4  for  two  atoms  of  ammonia.  The  simple  salt,  CuO,  SO., 
+  HN3,  has  a  volume  of  39-2,  which  leaves  19-G,  or  9'8  x  2  for 
one  atom  of  ammonia ;  but  the  same  salt,  when  combined  with 
three  atoms  of  water,  yields  the  volume  Cyi'G,  wliich  would 
lead  us  to  suppose  that  one  atom  of  Avater  is  equal  to  one 
atom  of  ammonia.  We  also  fiud  ammonia  with  the  volume 
11,  or  unity,  when  calculated  from  the  observed  volume  of  hy- 
drated sulphate  of  ammonia.  But  in  the  ammonia-chromate 
of  silver,  AgO,  Cr03  +  2NH3,  and  in  its  corresponding  sul- 
j)hate,  wc  find  on  deducting  33*0,  or  II  x 3  for  the  salts  them- 
selves, the  residual  33*0  for  two  atoms  of  ammonia.  Again, 
however,  wc  become  perplexed  by  finding  that  the  ammonia 
in  ammonia-pernitratc  of  mercury  |)osscsse8  the  vohmie  ol'  an 
Atom  of  water.  Thus,  then,  by  considering  the  volumes  of  the 
ammoniacal  salts  as  containing  their  ammonia  <inasi  ammonia, 
and  as  constituted  on  the  type  of  the  hydrated  salts,  we  ob- 
tain the  contradictory  and  absurd  result,  that  ammonia,  though 
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often  taking  a  volume  equal  to  unity,  sometimes  possesses  a 
volume  of  3|,  and  occasionally  two  volumes.  It  is  pretty 
certain,  from  these  contradictory  results,  that  the  salts  are 
not  constituted  on  the  hydrated  type. 

Graham  has  thrown  out  the  ingenious  idea*,  that  the  salts 
now  referred  to  may  actually  contain  an  ammonium  in  which 
the  fourth  equivalent  of  hydrogen  is  replaced  by  an  equivalent 
of  a  magnesian  metal.  Thus  CuO,  SO3+NH3  is  constituted, 
according  to  Graham,  NHgCu,  O,  SOg,  on  the  type  of  sulphate 
of  ammonia,  NH3H,  O,  SO3.  There  is  nothing  whatever  op- 
posed to  this  view  in  Kane's  researches,  as  he  himself  admits, 
the  only  difference  being  that  he  considers  the  said  salts  to 
contain  oxide  of  copper  and  water  imited  to  amide  of  hydro- 
gen, instead  of  to  cuprammonium  and  oxide  of  ammonium, 
according  to  the  views  of  Berzelius  and  Graham.  While, 
therefore,  Kane  admits  that  amide  of  hydrogen  is  very  closely 
allied  to  chloride  of  hydrogen,  he  claims  for  the  former  body 
an  equally  close  alliance  to  water,  by  asserting  that  it  is  equi- 
valent to  a  magnesian  oxide,  although  it  is  difficult  to  conceive 
why  chloride  of  hydrogen  has  not  a  right  to  a  similar  claim. 
Amide  and  chloride  of  mercury  have  undoubtedly  the  same 
volume,  viz.  22*0,  and  chloride  of  hydrogen  also  enjoys  the 
same  number ;  but  water  does  not  in  any  case  do  so.  On 
this  point  alone,  then,  are  we  at  issue  with  Kane,  for  there 
are  many  proofs  that  there  is  extreme  probability  in  the  view 
propounded  by  him  of  the  presence  of  NHgH  and  HO  in 
ammoniacal  salts.  On  the  former  view  alone  do  we  contest 
the  accuracy  of  the  opinion,  leaving  for  future  consideration 
and  research,  to  which  we  are  now  devoting  ourselves,  a  more 
defined  notion  of  the  reason  why  NHgH  and  HO  are  equiva- 
lent in  many  instances,  not  in  all,  to  potash.  We  have  already 
stated  the  incongruous  results  which  would  flow  from  the 
conception  that  ammonia  was  simply  attached  to  the  salts 
examined.  It  is  true  that  Kane  gives  to  some  of  them  a  con- 
stitution more  intimate,  and  when  he  does  so  his  theory  ac- 
cords with  our  results.  But  his  conception  of  the  equivalency 
of  NH2H  to  HO  has  led  him  in  other  instances  to  attach  the 
ammonia  to  the  salt  in  place  of  water,  and  it  is  from  these 
cases  that  we  dissent.  If  he  merely  means  that  NH2H  can 
replace  HO  in  a  compound,  as  KO,  SO3  does  in  a  magnesian 
sulphate,  then  we  cease  to  differ,  because  the  resulting  com- 
pounds do  not  remain  in  strict  parallelism ;  the  only  point 
we  argue  against  being  that  HO  and  NHgH  are  equivalent. 
Thus  we  have,  supposing  all  of  them  to  affect  the  primitive 
volume  9*8, — 

*  Graham's  Elements  of  Chemistry,  p.  41G. 
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HgO,  NO5  + HgO+2HO    «6vol. 

HgO,  NO5  +  HO   +  2HgO  =  6  ... 

HgO,  NO5  +  NH3  +  2HgO  =  7  ... 
The  first  two  members  of  the  series  have  the  same  number 
of  volumes,  because  HgO  and  HO  are  equivalent,  and  the 
last  salt  should  also  affect  the  same,  if  NHgH  =  HO.  But 
if  we  consider  the  last  salt  as  equal  to  nitrate  of  ammonia,  in 
which  HgO  replaces  HO,  then  it  becomes  intelligible. 

NHgH,  HO,  NO5  affects  5  +  2  of  HO    =7 
NHgH,  HgO,  NO5  ...      5  +  2  of  HgO  =  7 

On  the  same  principle  we  would  arrange  the  other  ammo- 
niacal  compounds.  Thus  CuO,  SO3  +  NH3  obviously  ought 
to  be  arranged  NHgH,  CuO,  SO3,  corresponding  to  NHgH, 
HO,  SO3,  anhydrous  sulphate  of  ammonia,  and  both  affect, 
as  they  should  do  on  this  formula,  four  volumes.  We  ob- 
served a  very  decided  peculiarity  in  sulphate  of  ammonia ;  for 
while  in  its  hydrated  condition  the  NH4O,  SO3  could  only  be 
equal  to  three  volumes,  in  its  anhydrous  state,  or  when  in  com- 
bination with  salts,  it  assumed  four  volumes.  The  latter  pe- 
culiarity attends  the  alpha  ammonia-sulphate  of  copper,  and 
is  shared  also  by  ammonia-sulphate  of  zinc,  while  the  hydrate 
assimilates  itself  to  NH4O,  SO3  +  HO. 

NH^H,  HO,   SO3  =  39-2 

NHgH,  CuO,  SO3  =  39-2 

NH^H,  ZnO,  SO3  =  39-2 

(NH2H,CuO,SOg=39-2)  +  (HO  =  9-8)  +  (NH3=19-6)  =  68-6 

NHjH,  HO,  SOg  -I-  HO  =  44 

(NHgH,  CuO,  SO3  +  HO  =  44)  +  (2HO  =  19-6)  =  63-6 

In  ammonia-nitrate  of  copper  we  have  an  instance  in  which 
the  ammonia  may  be  present  either  as  nitrate  of  ammonia  or 
as  ammonia ;  for  if  we  suppose  the  volume  68*5,  which  obvi- 
ously indicates  9*8  x  7  =  68*6,  to  be  made  up  of  CuO,  NO^ 
-f-  2NH3,  we  must  assume  that  two  atoms  of  ammonia  are 
equal  to  four  atoms  of  ice,  for  we  already  have  seen  that  CuO, 
NO^  affects  three  volumes.  On  the  sup[)osition  that  the  com- 
[K)und  contains  a  substance  equivalent  to  nitrate  of  ammonia, 
the  volumes  are  equally  intelligible. 

NHaH,  HO,  NO.  =  490 

NHJI,  CuO,  NOfi  =  490  -f  NHgH  =  19T>  =  GB'G 

Perhaps,  however,  the  clearest  instances  are  seen  in  the 
ammoniacal  chroniate  and  sulpliate  of  silver.  AgO,  CrOgand 
AgO)  80.^  affect  a  volume  of  9'H  x  3,  and  supposing  a  trans- 
formation into  multiplcH  of  11,  of  which  we  liave  seen  fre- 
quent insiancesy  2NIJ8=33'0,  or  NUj^s  IG'5,  or  X^  times  the 
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number  which  we  assume  as  unity.     But  on  the  supposition 
that  AgO  takes  the  place  of  HO,  the  difficulty  ceases. 

NHJI,  HO,  SO3   =  44 

NH2H,  AgO,  SO3  =  44  +  NHJI  =  66 

NH2H,  AgO,  Cr03=  44  +  NH^H  =  66 

Perhaps  the  most  anomalous  salt  in  the  whole  series  ex- 
amined is  chloride  of  ammonium,  which  actually  decreases 
one  volume  in  becoming  solid,  9  x  4  in  solution  being  11x3 
in  the  state  of  a  salt.  Chloride  of  potassium  refuses  to  share 
this  anomaly,  and  we  accordingly  find  it  9*8  x  4,  and  NH4CI 
associates  itself  to  KCl  in  the  doub'  ^  salts.  Four  volumes  for 
NH4CI  is  undoubtedly  what  we  shou!:"  '^vnect  from  its  com- 
position, and  from  that  number  being  affecteu  ..,  ^u^^ion  and 
in  its  double  salts.  We  also  see  the  three  volumes  entering 
into  alpha  ammonia-chloride  of  copper,  although  the  beta 
ammonia-chloride,  according  to  our  results,  seems  singularly 
enough  to  affect  the  proper  four  volumes. 

NHgH,   HC1  =  33 

NH^Cu,  HCl  =  33  +  NHjH  =  22  -f  HO  =  11  =  66 

NHgCu,  HCl  =  38-4  or  9-8x4  =  39*2 
The  double  amides  and  chlorides,  as  we  have  already  shown, 
affect  the  same  number  of  volumes  as  NH4CI  when  in  solu- 
tion, and  might  be  placed  on  the  same  type  as  NH2Hg,  HCl. 
Without  denying  that  NHgH  and  HO  may  be  so  intimately 
associated  in  the  ammoniacal  salts  as  to  form  the  hypothetical 
body  oxide  of  ammonium,  we  would  call  attention  to  the  facts, 
which  show  that  the  resulting  volumes  of  the  ammoniacal  salts 
are  made  up  of  the  volumes  of  the  hydrated  acid  and  amide  of 
hydrogen.  It  by  no  means  militates  against  that  view,  that 
in  hydrated  sulphate  of  ammonia  we  have  one  volume  in  solu- 
tion less,  and  also  in  the  state  of  a  solid,  than  should  result 
from  the  combination  of  these  two.  CuCl  has  undoubtedly 
2>er  se  two  volumes,  just  as  HCl  has  in  a  concentrated  state, 
or  as  NHgH  has  in  combination.  But  the  CuCl  in  CuCl 
-f  2 HO  possesses  only  one  volume,  the  other  having  disap- 
peared in  the  water;  and  HCl  itself  has  only  one  volume  in 
dilute  solutions.  The  disappearance  of  one  volume  in  combi- 
nation with  water  is  by  no  means  so  surprising  as  the  disap- 
pearance of  the  volumes  of  23  atoms  of  the  constituents  of 
alum  in  the  water  in  which  it  is  dissolved,  especially  when  we 
find  the  salt  under  consideration,  sulphate  of  ammonia,  vindi- 
cating its  proper  volume  when  in  combination.  The  oxalate 
of  ammonia  has  its  proper  volume,  just  as  has  anhydrous  sul- 
phate of  ammonia  ;  the  only  exception  is  the  decidedly  anoma- 
lous salt — chloride  of  ammonium,  although  this  also  ceases 
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to  be  anomalous  in  the  double  chlorides.  By  placing  together 
the  volumes  of  the  hydrated  acids  and  those  of  the  ammoni- 
acal  salts,  it  will  be  seen  that  the  latter  are  made  up  of  the 
volumes  of  the  hydrated  acid  united  to  amide  of  hydrogen 
aifecting  two  volumes,  like  HCl. 

Sulphate  of  ammonia=HO,  SOg  =2  +  NH2H  =  2=4 
Nitrate  of  ammonia  =HO,  NO^  =3  +  NH2H  =  2  =  5 
Oxalate  of  ammonia  =HO,  C2  63=2  +  NH2H  =  2=4 

All  the  ammoniacal  salts  which  we  have  described  in  this 
section  may  be  arranged  in  a  similar  way  Avith  a  like  result. 

We  do  not  profess  to  have  resolved  the  cause  of  the  equiva- 
lency HO  +  NH3  to  KO ;  nor  do  we  insist  that  they  do  not 
enter  into  more  intimate  miion  to  form  NH4O.  It  must  not 
be  left  out  of  consideration,  however,  that  in  almost  every  in- 
stance the  ammoniacal  salt  affects  one  volume  in  solution  more 
than  the  corresponding  salt  of  potash,  and  that  the  number 
of  volumes  of  the  latter  becomes  augmented  by  one  in  pass- 
ing from  the  liquid  to  the  solid  state,  while  the  number  of 
volumes  of  the  ammoniacal  salt  remains  unchanged.  It  re- 
quires a  more  minute  knowledge  of  the  constitution  of  salts 
than  we  now  possess  to  decide  the  question  at  issue. 

Concltmon, 

Although  we  have  examined  many  other  salts  than  those 
described  in  the  previous  pages,  with  results  quite  confirma- 
tory of  our  views,  we  do  not  feel  warranted  in  extending  our 
memoir,  already  much  too  long.  We  therefore  conclude  by 
summing  up,  in  the  form  of  propositions,  the  laws  which  we 
consider  regulate  the  volumes  of  salts.  At  the  same  time  we 
do  so  with  strict  reference  to  the  salts  which  we  have  de- 
scribed, deprecating  their  hasty  generalization,  being  our- 
selves quite  satisfied  that  there  are  peculiarities  in  other  cases, 
which  must  be  subjected  to  close  examination.  This  being 
only  the  first  of  several  memoirs  on  the  same  subject  which 
we  intend  to  lay  before  the  Society,  we  do  not  present  this 
investigation  ns  being  in  itself  complete. 

Prop.  I. — Compounds  dissolved  in  water  increase  its  volume 
for  every  equivalent  either  by  f),  or  by  muKijjles  ofi). 

This,  in  other  words,  signifies  tliat  the  volumes  of  salts  in 
solution  arc  either  equal  to  each  other,  or  are  multiples  of 
each  other;  for  9,  being  the  volume  of  nine  grains,  or  an 
equivalent  of  water,  is  merely  assumed  as  the  standard  of 
compariHon. 

a.  Certain  suits,  such  as  the  magnei<ian   sulphates,  the 


Atomic  Volume  and  Specific  Gravity.  529 

alums,  &c.,  dissolve  in  water  without  increasing  its  bulk  more 
than  is  due  to  the  liquefaction  of  the  water  which  they  them- 
selves contain ;  the  anhydrous  salt  taking  up  no  space  in  so- 
lution. 

b.  Anhydrous  salts^  or  salts  containing  a  small  proportion 
of  water,  affect  a  certain  number  of  volumes  in  solution,  which 
pass  along  with  them  unchanged  into  their  union  with  other 
salts. 

c.  The  volume  occupied  by  double  salts  when  dissolved 
is  the  sum  of  volumes  occupied  by  their  constituents  when 
separate,  with  the  exception  of  certain  cases  described  in  the 
previous  sections. 

Prop.  II. — The  volume  occupied  by  a  salt  in  the  solid  state 
has  a  certain  relation  to  the  volume  of  the  same  salt  when  in 
solution;  and  has  also  a  fixed  relation  to  the  volume  occupied 
by  any  other  salt. 

a.  The  volume  of  an  equivalent  of  any  salt  is  either  1 1,  or 
a  multiple  of  11,  or  of  a  number  very  nearly  approaching  the 
number  11. 

b.  Or  the  volume  of  a  salt  is  9*8,  or  a  multiple  of  9*8,  or, 
in  other  words,  of  the  volume  occupied  by  an  equivalent  of 
solid  water  (ice). 

c.  Or  the  volume  of  a  salt  is  made  up  of  a  certain  multiple 
of  the  number  11,  added  to  a  certain  multiple  of  the  number 
9-8. 

On  each  of  these  heads  we  would  offer  a  few  remarks. 

With  two  assumptions  we  have  been  enabled  to  connect 
with  each  other  the  volumes  occupied  by  all  the  salts  exa- 
mined by  us  in  the  previous  sections.  These  assumptions 
are,  that  the  divisor  for  the  volumes  of  salts  is  either  11,  or  a 
number  very  nearly  approaching  to  it,  or  that  the  divisor  is 
9*8,  the  volume  of  ice  itself. 

We  have  been  guarded  in  stating  positively  that  the  first 
divisor  is  absolutely  11,  because  we  do  not  in  the  present 
memoir  enter  into  the  connection  between  this  number  and  the 
volume  of  ice,  9*8.  To  show,  however,  that  our  experiments 
agree  with  those  of  recent  accurate  experimenters,  and  that 
the  number  11,  which  we  have  at  present  to  announce  empi- 
rically, cannot  be  wide  from  the  truth,  we  append  the  theo- 
retical and  experimental  results  upon  the  alums,  which  we 
stated  to  possess  twenty-five  volumes,  in  which  therefore  any 
considerable  error  in  the  number  11  would  be  multiphed  by 
25,  and  plainly  show  itself  in  the  results.  Notwithstanding 
this  severe  test,  it  will  be  seen  that  the  theoretical  and  ex- 
perimental numbers  are  actually  within  the  errors  of  the 
balance. 
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Theoretical.     By  Kopp's*  By  our  Mean  of 

sp.  gr.         experiments,    experiments,    experiments. 
Potash  alum .     1-727     ...     1-724     ...     1-726     ...     1-725 
Chrome  alum     1-833     ...     1-848     ...     1-826     ...     1-837 

The  number  1 1  must  then  be  very  near  the  truth,  if  it  be 
not  absolutely  the  truth.  We  now  append  an  equally  severe 
test  for  our  view  that  the  volumes  of  many  salts  are  multiples 
of  9*8,  the  number  representing  the  volume  of  ice.  If  there 
be  an  error  in  this  number,  it  must  become  very  notable  in 
the  phosphates  and  arseniates,  when  multiplied  by  24,  or  in 
carbonate  of  soda  when  multiplied  by  10.  Perhaps  sugar 
itself  will  form  as  severe  a  test  as  could  be  desired,  for  we  pro- 
ceed on  the  extraordinary  fact  that  the  12  atoms  of  carbon  in 
sugar  have  ceased  to  occupy  space,  and  that  the  bulk  of  an 
atom  of  sugar  is  just  the  bulk  of  H,i  On,  or  its  11  atoms  of 
hydrogen  and  oxygen,  quasi  water,  frozen  into  ice. 


Theoretical 
sp.gr. 


Sp.  ^.  ac- 
cording to 
our  expe- 
riments. 

1-454 
1-525 
1-622 
1-736 
1-804 
1-596 


other 
author- 
ities. 

1-423  Haidinger. 

1-514  Tiinnennan. 

none 

1-759  Thomson. 

none 

1-600  Schiibler  &  Renz. 


Carbonate  of  soda  .  1  -463 
Phosphate  of  soda  .  1-527 
Subphosphate  of  soda  1-622 
Arseniate  of  soda  .  1*713 
Subarseniate  of  soda  1-808 
Cane-sugar      .     .     .1-591 

Thus  even  in  salts  so  difficult  to  obtain  in  a  proper  degree 
of  hydration  free  from  mechanical  water,  as  those  given  in  the 
above  table,  the  difference  between  the  theoretical  and  experi- 
mental numbers  is  not  greater  than  might  have  been  expected. 

We  give  one  other  class  of  salts  to  illustrate  position  c  in 
Prop.  II.,  there  being  in  these  salts  a  certain  number  of  vo- 
lumes represented  by  11,  and  a  certain  number  by  9-8,  CuO, 
8O3  representing  the  number  of  volumes  with  the  divisor  11. 


Sulphate  of  copper 
...  zinc    . 


iron 


magnesia 
nickel 


Theoretical    Sj).  gr.  by  our  Sp.  gr.  hy  other 
•p.  gr.        experimenU.        authontlcH. 

2-254 
1-931 
1-857 
1-660 


2-270 
1-926 
1-854 
1-660 
2-033 


2-274  Kopp. 
1-912  Hussenfratz. 
\"6A0  Idem. 
1-660  Idem. 
2-037  Kopp. 

Wc  have  8clectcd  these  throe  classes  of  salts  as  being  the 
most  Bcverc  testa  which  we  could  apply  to  our  theory,  and 
any  chemist  who  has  had  experience  in  this  Kubjcct  will  at 
once  admit  that  the  theoretical  and  experimental  numbers  arc 

*  /ttittalen  der  Pharmacia,  DU.  xxxvi.  S.  10. 
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as  near  each  other  as  the  estimation  of  specific  gravities  by 
any  two  different  experimenters.  We  do  not  rest  the  claims 
of  our  theories  on  our  own  experiments,  but  are  wiUing  to 
admit  the  accuracy  of  other  experimenters,  especially  of 
Karsten,  Hassenfratz,  Kopp,  and  others  who  have  preceded 
us  on  this  subject* ;  while  at  the  same  time  we  believe  that 
our  methods  of  taking  specific  gravities  have  enabled  us  to 
introduce  more  uniformity  into  the  results.  The  simplicity 
of  the  methods  themselves  is  due  to  Bishop  Watson,  who  was 
the  first  to  take  specific  gravities  by  the  increase  in  the  stem 
of  an  instrument;  and  to  Holker  the  suggestion  is  due  of 
using  a  saturated  solution  instead  of  the  water  employed  by 
Watson. 

We  conceive  that  the  primitive  volume  9*8  is  transformable 
into  the  primitive  volume  11,  and  vice  versd,  and  for  this  reason 
we  sometimes  see  sulphate  of  ammonia  9*8  x  4,  at  other  times, 
in  combination  as  in  bisulphate  of  ammonia  or  the  anhydrous 
double  sulphates,  it  is  1 1  x  4  ;  and  numerous  other  instances 
of  transformation  are  presented  in  the  previous  sections. 

The  liquid  volume  being  to  the  solid  volume  either  as 
9  :  11  or  as  9  :  9*8,  these  numbers,  used  as  the  divisor  for 
the  liquid  and  solid  volumes  respectively,  usually  yield  the 
same  quotient.  Thus  the  liquid  volume  of  sulphate  of  cop- 
per is  45,  its  solid  volume  is  55.     — -  =  5,  and  -—  =  5 ; 

so  that  we  say  the  salt  affects  the  same  number  of  volumes 

in  the  liquid  and  in  the  solid  state.     In  the  same  manner 

subphosphate  of  soda  has  a  volume  of  216  in  solution  and  of 

216  235 

235  in  the  state  of  salt.     Now  — —  =  24  and  -—  =  24,  so 

that  the  number  of  volumes  affected  in  solution  and  in  the 

solid  state  are  exactly  the  same.     This  is  a  general  rule  and  a 

powerful  argument  of  the  accuracy  of  our  position.     The  rule 

has  exceptions  in  salts  of  potash,  in  which  the  volumes  are 

increased  by  one  volume  on  becoming  solid ;  thus  KO,  SOg 

18  .  33  .  . 

-— -  =  2  in  solution,  and  -^  =  3  in  the  solid  state.     This  is 
9  11 

*  The  only  decided  difference  which  we  found  from  other  experimenters 
is  in  the  case  of  hydrated  salts.  Thus  our  determination  of  the  volumes 
of  the  double  magnesian  sulphates  and  sulphate  of  potash  (Table  VI.)  dif- 
fers from  Kopp's  experiments  as  99  :  103.  These  salts  contain  from  3  to 
4  per  cent,  of  mechanical  water,  as  Graham  long  ago  pointed  out  (Trans. 
R.  S.  E.  vol.  xiii.  p.  12),  and  the  neglect  of  this  in  Kopp's  experiments 
has  probably  caused  the  difference.  We  take  this  opportunity  of  stating 
that  when  more  than  one  specific  gravity  is  given  by  us,  the  salts  have  been 
prepared  at  different  times ;  in  many  instances  this  is  not  the  case,  but  in 
much  the  largest  proportion  it  is  so. 
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not  an  accidental  variation,  but  an  actual  augmentation  of  one 
volume,  as  is  proved  by  the  potash  alums,  in  which  KO,  SO3 
has  ceased  to  occupy  space  in  solution,  but  on  the  crystaUiza- 
tion  of  the  alum  the  volume  becomes  increased  by  one,  ob- 
viously owing  to  this  peculiarity  of  KO,  SO3 ;  thus  alum  in 

216  275 

solution  -^  =  24,  becomes  Yr=25  in  the  state  of  a  salt. 

This  peculiarity   is  very  striking,  especially  in  the  case 

33 
KO,  CO2,  which  with  a  volume  of  yr-  =  3  as  a  solid,  be- 

9  .     . 

comes  ^r  =  1  as  a  liquid.     Let  us  endeavour  to  conceive  the 

extraordinary  amount  of  power  exerted  in  this  case ;  the  water 
in  the  volumenometer,  on  dissolving  an  equivalent  of  KO,  CO2, 
descends  from  33  to  9,  so  that  a  bulk  of  solid  matter = 24  grains 
of  water  disappears  within  it.  If  we  would  compare  the  force 
to  that  which  would  be  required  to  compress  the  water  into 
this  diminished  bulk,  we  must  deal  in  numbers  of  a  magni- 
tude truly  immense.  We  have  always  been  accustomed  to  view 
as  an  exception  the  expansion  of  water  on  becoming  solid,  but 
now  we  see  with  Longchamp,  that  the  rule  is  universal ;  the 
salt  (muriate  of  ammonia  excepted?)  takes  up  more  space  as 
a  solid  than  it  does  in  its  liquid  state  in  solution. 

We  have  stated  that  we  desire  not  to  be  held  responsible  for 
any  rash  generalization  of  these  laws,  which  we  do  not  extend 
at  present  beyond  the  salts  examined  by  us.  Let  us  con- 
sider the  volumes  of  the  ammonia  alums,  as  an  example  of 
the  danger  of  applying  either  of  the  laws  without  a  proper 
comprehension  of  them.  These  volumes  are  certainly  above 
275,  the  volumes  of  the  potash  alums,  and  are  between  279 
and  280,  according  to  our  experiments  and  those  of  Kopp. 
Now  let  us  suppose  that  the  four  volumes  of  NH4O,  SO3  arc 
represented  in  the  alums,  and  that  only  AljOg,  3SO3  has 
ceased  to  occupy  space,  as  it  in  fact  does  when  hydrated, 
then  an  ammonia  alum  Al^Og,  SSOg  +  NH4O,  SO3  -\-  24110 
may  be  viewed  as  9*8  x  (24  +  4)  =  279*4,  and  the  specific 
gravities  would  countenance  this  idea. 

Sp.  gr.  by      Sp.  gr.  by  our  Sp.  gr.  by  Kopp't 
Theory.        experiments.       cxj)crinient. 
Ammonia  alum  .     .  \'(V1G  1*025  l'G2(j 

Ammonia  iron  alum  1*721  1*718  1*712 

These  results  certainly  approach  the  theoretical  number 
very  closely  ;  and  the  theory  may  represent  the  truth.  IJut 
ttt  the  same  time  it  is  difficult  to  believe  that  the  amniuiiia 
ulum  is  constituted  on  a  different  type  from  the  i)otush  alum. 
We  might  suppoHc  that  the  only  variation  between  them  is  the 
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difference  between  the  volumes  of  KO,  SO3  and  NH4O,  SO3, 
or  the  difference  between  11x3  and  9*8  x  4.  This  differ- 
ence, 6*2,  added  to  the  volume  of  potash  alum  275  4  6-2  = 
281*2,  which  is  not  very  wide  from  the  experimental  results, 
and  would  give  the  specific  gravity  by  theory  for  ammonia 
alum  1'61G,  and  for  ammonia  iron  alum  1*711.  These  arc 
points  Avhich  require  further  inquiry. 

We  do  not  refer  here  to  the  minor  views  embraced  in  the 
preceding  investigation,  being  anxious  principally  for  inquiry 
and  confirmation  into  the  three  main  theories  propounded. 
With  one  assumption  for  the  volume  in  solution,  and  with  two 
assumptions  for  the  volumes  of  solids,  we  have  been  enabled 
to  explain,  as  we  trust,  the  specific  gravities  detailed  in  the 
previous  sections.  We  might  perhaps  with  propriety  indulge 
in  speculation,  and  apply  these  laws  in  explanation  of  iso- 
morphism and  dimorphism,  but  we  prefer  the  safer  course  of 
trusting  to  experimental  investigation,  part  of  which  we  shall 
in  a  short  time  lay  before  the  Society  in  an  inquiry  upon  the 
expansion  of  solutions,  and  on  some  other  points  connected 
with  this  important  subject. 


LXXV.  A7ialyses  of  the  Ashes  of  Sugar- Canes  from  the  PVest 

Indies.  By  John  Stenhouse,  Ph.D.* 
"VIT'ITHIN  the  last  few  years,  it  has  been  satisfactorily  as- 
^^  certained,  through  the  labours  of  the  ablest  experi- 
menters in  agriculture,  that  the  fertility  of  a  soil  is  dependent 
on  its  containing  certain  mineral  substances  which  are  indis- 
pensable to  the  nourishment  and  full  development  of  the  plants 
which  grow  upon  its  surface.  It  is  evident  therefore  that  a 
knowledge  of  the  constituents  of  the  ashes  of  plants,  as  furnish- 
ing us  with  a  view  of  all  the  inorganic  substances  which  they 
derive  from  the  soil,  and  which  they  remove  from  it  in  har- 
vest, must  always  be  of  the  utmost  importance  for  the  guidance 
of  the  scientific  agriculturist.  During  the  last  three  or  four 
years,  the  ashes  of  the  larger  number  of  our  cultivated  plants 
have  been  subjected  to  very  careful  analysis,  chiefly  through 
the  exertions  of  Professor  Liebig  and  his  scholars. 

As  hitherto,  however,  the  sugar-cane  has  been  almost  en- 
tirely overlooked,  I  was  induced,  some  six  months  ago,  to  apply 
to  some  of  the  leading  colonial  proprietors  to  furnish  me  with 
specimens  of  canes  from  different  localities.  I  need  scarcely 
say  that  my  request  was  most  courteously  and  promptly  com- 
plied with.     The  following  are  the  results  of  twelve  analyses 

•  Communicated  by  the  Author. 
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of  the  nshes  of  sugar-canes  from   various  localities  in   the 
West  Indies. 

The  first  table  (A)  contains  the  results  of  these  analyses,  in 
which,  after  the  insoluble  matter,  consisting  of  coal  and  sand, 
and  the  loss  (iron),  have  been  abstracted,  the  constituents  are 
calculated  in  the  relative  proportions  per  cent,  which  they 
bear  to  each  other.  In  the  Table  A.  an  error  has  been  com- 
mitted, by  calculating  that  portion  of  the  sodium  and  potas- 
sium which  undoubtedly  existed  in  the  canes  in  the  state  of 
chlorides,  as  potassa  and  soda,  thus  introducing  an  excess  of 
oxygen,  amounting  in  Nos.  3,  9  and  10  to  2  per  cent.,  and  in 
No.  8  to  almost  -t  per  cent.  To  remedy  this  error,  a  second 
table  (B)  has  been  constructed,  in  which  that  portion  of  the 
potassium  and  sodium,  which  in  the  canes  are  united  to  chlo- 
rine, are  calculated  as  chlorides. 

A.  Per-centic  results  after  abstracting  the  charcoal  and  sand. 


Silica    

Phosphoric  acid 
Sulphuric  acid.. 

Chlorine  

Lime    

Magnesia 

Potash 

Soda 


1. 

2. 

3. 

4578  42-81 

45-50 

375  1  7-27 

8-16 

6-64 

10-92 

4-5G 

270 

102 

8-85 

913 

1317 

8-73 

365 

9-86 

4-41 

27-32 

11-99  15-00 

1-03 

2-26    4-79 

40-85 
4-53 

10-80 
5-47 
8-96 
6-84 

21-39 
116 


46-24 

8-12 
7-48 
2-39 
5-75 
15-53 
11-87 
2-62 


6. 


7. 


49-74 
6-53 
6-37 
2-36 
507 
12-94 
13-62 
3-37 


44-68 
4-84 
7-67 
4-34 
4-45 
11-78 
16-81 
6-43 


8. 


1704 
7-12 

7-70 

14-33 

2-26 

3-80 


25-78 
606 
594 
9-70 
5-74 
5-36 


39-51  37-40 
8-21    4-02 


10, 


51-93 

13-28 
3-30 
2-40 

10-59 
5-61 

1004 
2-85 


11. 


4779 

2-85 
5  25 
8-75 

11-40 
551 

17-29 
1-16 


12. 


54-22 

7-96 
1-91 
2-70 

14-27 
5-27 

11-59 
2-08 


B.  Contains  the  results  of  the  same  analyses  as  Table  A.,  but 
the  chlorine  is  represented  as  united  to  sodium  and  potas- 
sium. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Silica   

45-97 
3-76 
6-66 
010 
8-66 

25-60 

42-90 
7-99 

1094 

13  20 
9-88 

1201 
1-39 

46-46 
8-23 
4-65 
891 
4-60 

10-63 

"fii 
9-21 

41-37 

46-48  50-00  4513 

17-64  26-38  52  20 

4873 
2-90 
5.35 

11-62 
5-61 
7-46 

16(M 
2-27 

54-59 
8-01 
1-93 

14-36 
5-30 

11  14 

o-8i 

3-83 

Phosphoric  acid . 
Sulphuric  acid... 
Lime 

4-59    816 

10-93    7-52 

9-11     5-78 

6-92  15-61 

6-56 
6-40 
6  09 

4-88 
774 
4-49 

7-37 
7-97 
234 
3-93 
32  93 

10-76 
1712 

6-20 
608 
6-87 
6-48 
31-21 

ii-'u 

7-64 

13-04 

3-;(i 

10-64 
5-6.1 

100!» 
0-80 

4-39 

1301  Ill-tM) 
13G9, 16-97 

Potash 

15  99 

11  93 

Soda 

'8-96 
218 

0-57 

1-83 

'aw 

1-64 
7*25 

Chlor.  of  jOTtass. 
Cblor.  of  sodium. 

3-27 
202 

Nos.  1,  2,  3  and  4  were  very  fine  full-grown  canes  from 
Trinidad,  consisting  of  stalks  And  leaves,  but  without  lliu 
roots.  I  nm  indebted  for  tlicm  to  the  kindness  of  Messrs. 
Eccles  and  Co.  of  Cllasgow.  Nos.  />,  G  and  7  were  very  si- 
milar canes  from  Ucrbicu,  furnislied  me  by  James  Laing,  Esc]., 
from  his  estates  in  that  colony.  No.  H,  consisting  of  the  stalks 
without  leaves  from  Montrose  estate,   Dumerara,  was  kindly 
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given  me  by  William  Gourlie,  Jun.,  Esq.  No.  9,  consisting 
of  full-grown  canes  with  but  few  leaves,  from  the  island  of 
Grenada,  was  given  me  by  Mungo  Campbell,  Jun.,  Esq. 
No.  10,  from  Hampden  estate,  Trelawny,  Jamaica,  consisted 
of  transparent  canes  in  full  blossom,  grown  about  six  miles 
from  the  sea,  and  manured  with  cattle-dung.  No.  1 1  consisted 
also  of  transparent  canes  from  Ironshore  estate,  St.  James's, 
Jamaica ;  they  grew  about  "200  yards  from  the  sea,  and  were 
old  rattoons,  also  manured  with  cattle-dung.  No.  12,  from 
Content  estate,  St.  James's,  Jamaica,  were  young  transparent 
canes,  grown  about  three  and  a  half  miles  from  the  sea,  and 
manured  with  cattle-dung,  guano  and  marl.  For  these  last 
three  parcels  I  am  indebted  to  the  kindness  of  William  Stir- 
ling, Esq.  of  Kenmure. 

The  canes  after  being  carefully  cleaned  were  dried  in  a 
stove,  then  charred  on  a  plate  of  cast  iron,  and  finally  incine- 
rated in  a  Hessian  crujjible  at  a  very  moderate  heat,  so  as  to 
prevent  the  ashes  from  melting.  The  method  adopted  in 
these  analyses  was  chiefly  that  of  Messrs.  Fresenius  and  Will, 
except  in  regard  to  the  phosphoric  acid. 

The  method  of  proceeding  was  as  follows: — 

I.  A  quantity  of  the  ash  (1  gramme)  was  boiled  with  nitric 
acid,  and  the  filtered  liquor  was  employed  to  determine  the 
chlorine  with  nitrate  of  silver  in  the  usual  way. 

II.  Another  quantity  (about  1*5  gramme),  dissolved  in 
muriatic  acid,  was  employed  for  the  determination  of  the  sul- 
phuric acid. 

III.  A  third  quantity  (about  5*0  grammes)  was  boiled  in  a 
silver  basin  for  about  an  hour  with  a  very  concentrated  lye  of 
caustic  soda,  to  bring  the  silica  into  a  soluble  state,  as  the 
ashes  were  not  completely  decomposed  by  boiling  with  acids. 
The  alkaline  mass  was  then  digested  with  nitric  acid,  evapo- 
rated to  dryness,  again  digested  with  dilute  nitric  acid,  and 
filtered.  The  silica,  coal  and  sand  in  the  insoluble  residue 
were  determined  in  the  usual  way.  The  liquor  which  passed 
through  the  filter  was  employed  for  the  determination  of  the 
phosphoric  acid,  lime  and  magnesia.  The  v.hole  of  the  liquor 
was  measured  in  a  graduated  cylinder. 

a.  The  sulphuric  acid  was  determined  in  a  portion  of  the 
liquor  by  chloride  of  barium. 

b.  Another  measured  quantity  of  the  liquor,  after  being 
neutralized  by  ammonia,  was  precipitated  by  acetate  of  lead, 
and  the  phosphoric  acid  it  contained  determined  according  to 
the  method  given  by  Berzelius.  The  precipitate  was  well- 
washed  with  boiling  water  to  free  it  entirely  from,  chloride  of 
lead,  and  the  sulphate  of  lead  precipitated  along  with  the 
phosphoric  acid  was  calculated  from  the  quantity  of  sulphuric 
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acid    already    found    (in   III.   a),   and   was   of  course   sub- 
tracted. 

c.  The  liquor  from  which  the  phosphate  of  lead  had  been 
separated  (6),  when  freed  from  lead  by  sulphuretted  hydrogen, 
and  rendered  alkaline  by  ammonia,  was  employed  for  the  de- 
termination of  the  lime  and  magnesia,  by  means  of  oxalate  of 
ammonia  and  phosphate  of  soda  in  the  usual  way.  In  the  last 
five  cases  the  determination  of  the  phosphoric  acid  was  con- 
trolled by  the  process  lately  recommended  by  Fresenius  with 
sulphate  of  magnesia.  (See  Liebig's  An7ialen,  July  1845,  and 
Chemical  Gazette  for  October  15.) 

IV.  A  fourth  quantity  of  ashes  (about  2-3  grammes)  was 
employed  to  determine  the  alkalies.  It  was  digested  with  an 
excess  of  barytes  and  a  little  water  in  a  silver  basin  for  about 
two  hours.  The  alkaline  mass  was  acidified  with  muriatic 
acid,  and  evaporated  to  dryness.  It  was  then  redissolved  in 
distilled  water,  and  caustic  barytes  added  to  the  solution,  to 
precipitate  all  the  phosphoric  acid,  sulphuric  acid,  lime  and 
magnesia  it  contained.  The  filtered  liquor  was  then  freed 
from  barytes  by  means  of  carbonate  of  ammonia,  and  the  clear 
solution  was  evaporated  to  dryness  and  heated  to  redness  till 
nothing  remained  but  the  chlorides  of  the  fixed  alkalies.  The 
potash  was  separated  from  the  soda  by  means  of  chloride  of 
platinum  in  the  usual  way. 

It  is  evident,  from  the  results  of  the  analyses  contained  in 
the  preceding  tables,  that  the  sugar-cane,  to  ensure  its  success- 
ful cultivation,  requires  to  be  furnished  with  a  very  large 
quantity  of  silicate  of  potash,  and  also  with  a  considerable 
amount  of  the  phosphates.  In  fact,  there  are  few  of  our  cul- 
tivated plants,  except  perhaps  wheat,  barley  and  the  other 
Cerealia,  which  recjuire  so  large  an  amount  of  these  substances. 
It  is  not  wonderful  therefore  that  the  cultivation  of  the  sugar- 
cane, from  the  inconsiderate  way  in  which  it  has  hitherto  been 
too  often  conducted,  should  have  been  found  rapidly  to  dete- 
riorate, and  in  the  course  of  time  to  exiiaust  most  ordinary 
soils.  I  apprehend,  however,  that  this  exhaustion  of  the  soil 
by  the  cultivation  of  the  sugar-cane  is  by  no  means  an  un- 
avoidable result,  and  that  by  means  of  suitable  arrangements 
successive  crops  of  sugar  might  be  raised  without  tnc  soils 
being  materially  iniurcd.  Wheat,  or  any  other  kind  of  grain, 
necessarily  causes  the  removal  of  a  portion  of  the  valuable  inor- 
ganic constituents  of  the  soil,  such  as  the  alkalies,  phosphates, 
&c.,  which  can  only  be  returned  to  it  indirectly ;  but  with 
•tigar  the  case  is  ciuite  otherwise.  Sugar  is  a  purely  oignnic 
substance,  consisting  of  carbon  and  the  elements  of  water,  all 
of  which  can  be  derived  from  the  atmosphere,  and  contains 
neither  alkalies  nor  phosphates;  so  that  if  the  ashes  of  the 
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canes  were  carefully  collected  and  returned  to  the  soil  in  an 
available  state,  I  do  not  see  why  cane  crops  might  not  be 
grown  upon  the  same  land  almost  indefinitely. 

Under  the  present  system,  however,  the  crushed  canes 
which  have  been  passed  through  the  sugar-mill  to  squeeze  out 
the  juice  they  contain,  are  burned  under  the  coppers  of  the 
boiling-house  to  concentrate  the  syrup.  As  this  operation  re- 
quires a  strong,  brisk  fire,  the  furnace  inwhich  they  are  burned 
has  usually  a  considerable  draught,  and  therefore  so  high  a 
heat,  that  the  ashes,  from  the  large  amount  of  alkalies  and 
silica  they  contain,  are  invariably  fused  into  a  hard,  insoluble 
glass  or  slag.  This  slag  or  glass  is  usually  thrown  away,  but 
even  if  it  were  pulverized  and  spread  upon  the  fields,  from  its 
almost  total  insolubility,  I  apprehend  it  would  be  found  nearly 
useless  as  a  manure.  The  only  way  to  render  the  cane-ashes 
available  for  this  purpose,  is  either  to  burn  the  canes  in  an 
open  fire,  at  a  much  lower  heat,  so  as  not  to  fuse  them,  or, 
what  will  probably  be  found  much  more  advisable  in  practice, 
to  reduce  the  slags  to  a  fine  powder,  and  then  to  i'use  them 
for  an  hour  or  so,  either  in  a  large  iron  crucible,  or  in  a  re- 
verberatory  furnace,  with  an  intimate  mixture  of  one  and  a 
half  part  American  black  ashes  and  one  of  carbonate  of  soda. 
This  operation,  which  is  by  no  means  either  difficult  or  ex- 
pensive, has  the  effect  of  reconverting  the  slags  into  soluble 
alkaline  silicates,  and  thus  rendering  them  quite  available  for 
the  nourishment  of  the  canes.  After  fusion  with  excess  of  al- 
kalies, the  slags  may  be  readily  reduced  to  powder,  and  with 
a  small  quantity  of  either  bone-dust  or  guano  they  will  form 
an  excellent  manure  for  either  canes  or  wheat.  It  is  advisable 
to  apply  the  guano  and  the  fused  asiies  separately,  as  the  ex- 
cess of  alkali  present  in  the  ashes  would  have  the  effect  of 
dissipating  part  of  the  ammonia  of  the  guano.  The  ashes  of 
almost  any  kind  of  wood,  if  burned  in  an  open  fire,  so  as  not 
to  be  melted,  would,  I  believe,  be  found  very  beneficial  to  the 
sugar-cane,  and  of  course  the  more  potash  the  ashes  contained 
so  much  the  better. 

The  fluxing  of  the  cane-ashes  with  alkalies,  just  recom- 
mended, might,  I  think,  be  readily  effected  in  most  of  the  co- 
lonies themselves,  as  a  great  deal  of  fuel  is  by  no  means  ne- 
cessary, and  a  bright  red  heat  kept  up  for  an  hour  or  so  is  am- 
ply sufficient;  but  as  the  quantity  of  cane-ashes  produced  on 
an  estate  will  not  exceed  a  very  few  tons  in  a  year,  probably 
not  more  than  four  or  five,  if  so  much,  they  might  perhaps  be 
advantageously  sent  to  Great  Britain,  where  fuel  is  much 
cheaper,  and  then  returned  to  the  colonies  in  a  manufactured 
state. 

Glasgow,  November  11,  1845. 
Phil.  Mag.  S.  3.  No.  183.  iSuppl.  Vol.  27.  2  N 
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LXXVI.  On  a  New  Class  of  Properties  of  Lines  and  Surfaces 
of  the  Second  Order.  By  the  Rev.  J.  Booth,  LL.D., 
M.R.I. A.^  Vice-Principal  of,  and  Professor  of  Mathematics 
in  the  Liverpool  Collegiate  Institution*. 

IT  has  sometimes  been  made  an  object  of  inquirj'  with  geo- 
meters, whether  foci  and  directrices  exist  as  well  lor  the 
minor  as  the  major  axes  of  a  conic  section;  and  the  conclu- 
sion generally  acquiesced  in  by  mathematicians  seems  to  be, 
that  for  the  minor  axes  these  points  and  lines  are  imaginary; 
this  it  would  appear  proceeds  from  assuming  as  a  definition  of 
a  conic  section,  some  property  which,  instead  of  being  funda- 
mental, is  merely  a  particular  case  of  a  more  general  theo- 
rem ;  thus  the  definition  of  Boscovich,  which  is  usually 
adopted  as  the  fundamental  definition  in  elementary  analyti- 
cal treatises  on  this  subject  at  the  present  da}',  that  a  conic 
section  is  the  locus  of  a  point  whose  distances  from  a  fixed 
point,  and  from  a  given  line,  are  in  a  constant  ratio,  is  merely 
a  simplified  case  of  the  following  more  general  theorem : — 
That  if  i}i  any  surface  of  the  second  order  with  three  unequal 
axes,  two  planes  {called  directrix  platies)  are  drawn  through  a 
certain  lirie,  parallel  to  the  circidar  sections  of  the  surface,  and 
if  a  certain  point  be  assumed  {which  may  be  ta-mcd  the  foais 
of  the  sur/ace),  the  square  of  the  distance  of  any  jyoint  on  the 
surface  from  this  focus,  bears  a  constant  ratio  to  the  product  of 
the  perpendiculars  from  this  point  on  the  two  directrix  planes. 

When  the  surface  is  one  of  revolution  round  the  transverse 
axe,  the  two  groups  of  circular  sections  becoming  coincident 
in  direction,  the  two  directrix  planes  coalesce,  and  the  perpen- 
diculars are  coincident  and  equal;  hence  the  above  quadratic 
relation  may  be  depressed  to  the  common  linear  condition  be- 
tween the  focus,  directrix  plane  and  any  point  on  a  surface  of 
revolution  roimd  the  transverse  axe,  or  on  a  section  of  this 
surface  passing  tiirough  it. 

When  the  surface  is  an  oblate  spheroid,  the  directrix  planes 
are  in  this  case  also  identical ;  the  point  termed  the  focus  co- 
incides with  the  centre;  and  if  any  central  |)lane  be  drawn,  it 
will  cut  the  surface  in  a  conic  section  and  the  directrix  plane 
in  a  right  line,  which  is  termed  in  the  following  paper  the 
minor  directrix  of  the  ccmic  section. 

Another  definition  of  a  focus  has  been  assumed,  that  the 
focus  is  a  point  in  the  plane  of  the  curve  whose  distance  from 
any  point  on  the  curve  is  a  linear  function  of  the  correspond- 
ing co-ordinates;  and  in  a  very  elaborate  and  masterly  paper, 
publi.Hhu(l  in  tiie  number  of  the   IMiilosophical   Magazine  for 

*  Coniinunicatod  by  ilio  Author. 
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January  1843,  Mr.  Davies  treats  the  question  of  directrices 
and  foci  in  a  manner  perfectly  general,  and  arrives  at  the  con- 
clusion, that  there  are  but  two  foci  and  two  directrices  in  a 
conic  section,  a  result  arising  from  the  arbitrary  nature  of  the 
definition  which  he  had  assumed  as  the  basis  of  his  investiga- 
tion ;  a  definition  to  which  it  would  appear  there  lie  two  ob- 
jections ;  first,  that  it  is  merely  an  analytical  condition  having 
no  geometrical  representation,  at  least  such  a  one  as  would 
show  that  these  points  should  occupy  the  important  position 
they  do  in  the  theory  of  conic  sections,  a  fact  which  becomes 
at  once  manifest,  when  these  points  are  defined  as  the  points 
of  contact  of  a  plane  touching  two  spheres  inscribed  in  a  right 
cone,  and  which  cuts  it  in  a  conic  section ;  and  again,  because 
the  distance  of  the  focus  to  any  point  of  the  common  direc- 
trix, or  of  the  centre  to  any  point  of  the  minor  directrix,  is  a 
linear  function  of  the  co-ordinates  of  the  point  of  contact  of  a 
tangent  drawn  through  this  point  of  the  directrix  to  the  curve, 
so  that  otlier  points  may  be  found  which  are  not  on  the  curve 
whose  distances  to  the  focus  are  linear  functions  of  the  co-or- 
dinates of  certain  corresponding  points  upon  the  curve. 

It  is  true,  that  so  long  as  a  conic  section  is  defined  as  a 
plane  section  of  a  right  cone,  the  minor  directrices  cannot  be 
exhibited  by  any  construction  at  all  comparable  in  elegance 
with  the  geometrical  method  of  defining  the  common  foci  and 
directrices  above  alluded  to;  but  if  we  define  a  conic  section 
as  a  central  plane  section  of  any  surface  of  the  second  order, 
the  difficulty  at  once  vanishes,  and  we  can  exhibit  the  minor 
directrices  with  as  much  ease  as  we  may  the  ordinary  foci  and 
directrices:  to  give  some  of  the  leading  properties  of  the 
former  is  the  object  of  the  following  paper. 

Let  a  and  b  be  the  semiaxes  of  a  central  conic  section,  e  the 

eccentricity  =  ( 2 —  )   »  ^"'^»  gui^led  by  the  analogy  of  the 

ordinary  directrices  and  foci,  let  us  draw  two  right  lines  per- 
pendicular to  the  minor  axe,  at  the  distance  —  from  the  cen- 
tre, these  lines  may  be  termed  the  minor  directrices',  and  on 
the  same  axe  let  two  points  be  assumed  at  the  distance  h  e 
from  the  centre,  these  points  may  be  called  the  minor  foci. 

In  the  hyperbola,  as  the  minor  axe  is  imaginary,  the  new 
directrices  must  be  drawn  in  a  somewhat  different  manner. 
Let  2  «;  be  the  angle  between  the  asymptots  of  the  hyperbola, 
and  on  the  transverse  axe  let  two  points  be  assumed  at  the 
distance  a  sin  co  from  the  centre ;  through  these  points  let  per- 
pendiculars to  the  transverse  axe  be  drawn,  these  lines  are  the 
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minor  directrices  of  the  hyperbola ;  and  if  two  other  points  be 

assumed  at  the  distance  -: —  from  the  centre,  these  points 

sm  CO  * 

are  the  minor  foci.     It  is  almost  needless  to  mention  that  the 

distances  of  the  common  directrices  and  foci  from  the  centre 

of  the  hyperbola  are  a  cos  co  and  — —  respectively ;  hence,  in 

the  equilateral  hyperbola,  where  m  =  — -,  the  ordinary  and 

minor  directrices  coincide,  as  do  also  the  common  and  minor 
foci;  whence  we  may  deduce  the  very  general  and  remark- 
able conclusion  that, 

TJie  common  directrices  and  foci  of  the  equilateral  hyperbola 
possess  two  distinct  classes  of  properties,  those  which  belong  to 
them  as  being  the  common  or  ordinary  directrices  and  foci,  as 
also  that  other  new  and  equally  extensive  class,  to  which  they 
are  in  like  manner  related,  as  being  the  minor  directrices  and 
foci  of  a  central  conic  section. 

In  the  circle  the  minor  directrices  are  infinitely  distant,  and 
the  minor  foci  coincide  with  the  centre,  as  is  also  the  case  with 
the  ordinary  directrices  and  foci. 

Of  the  following  theorems,  most  of  which  are,  it  is  believed, 
new,  the  demonstrations  have  been  suppressed,  as  to  any  who 
are  moderately  versed  in  analysis,  and  who  take  an  interest  in 
the  subject,  it  will  give  but  little  trouble  to  supply  them.  It 
may,  however,  be  remarked,  that  the  solutions  of  many  of  the 
theorems  may  be  effected  with  great  brevity  and  simplicity  by 
the  application  of  a  new  method  in  analytic  geometry, — tiie 
theory  of  tangential  co-ordinates,  an  outline  of  which  was  pub- 
lished some  years  ago  by  the  author  *. 

Fig.  1. 

Q 


*  On  the  Applicution  of  n  new  Analytic  Method  to  the  Theory  of 
Curve*  iind  Curved  Siirfnccs.  London,  Siinpkin  und  MarHhnll :  (.'ani- 
bridgc,  Dcightunt. 
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Theorem  I.  Let  a  quadrilateral  be  inscribed  in  a  conic 
section,  whose  sides,  a,  ^,  c,  </,  being  produced  meet  one  of 
the  minor  directrices  D  Q,  in  the  points  a,  |3,  y,  8,  the  seg- 
ments «  S,  /3  y  subtend  angles  at  the  centre,  which  are  together 
equal  to  two  right  angles. 

When  the  section  becomes  a  circle,  the  minor  directrices 
recede  to  an  infinite  distance,  hence  the  lines  O  a,  0/3,  Oy, 
O  8  are  parallel  respectively  to  the  sides  «,  Z>,  c,  d  of  the  qua- 
drilateral ;  and  therefore  the  angle  between  a  and  d  is  equal  to 
the  angle  a  O  8,  and  the  angle  between  c  and  b  equal  to  the 
angle  y  O  /3 ;  hence  we  infer,  that  the  opposite  angles  of  a  qua- 
drilateral inscribed  in  a  circle  are  together  equal  to  two  right 
angles. 

II.  When  two  of  the  sides  of  the  quadrilateral  a  and  d, 
suppose,  are  fixed,  the  point  of  intersection  of  b  and  c  upon 
the  curve  being  variable,  the  angle  /3  O  y  is  constant ;  or  if  two 
fixed  points  be  assumed  on  a  conic  section  and  a  third  va- 
riable, the  cords  which  pass  through  the  latter  and  the  two 
former  intercept  on  one  of  the  minor  directrices  a  segment 
which  subtends  at  the  centre  a  constant  angle ;  hence  we  may 
infer,  as  in  the  last  proposition,  that  the  angle  in  a  given  seg- 
ment of  a  circle  is  constant. 

Fig.  2. 


III.  Through  the  points  B  B',  the  extremities  of  the  minor 
axe  in  the  ellipse,  or  of  the  transverse  axe  in  the  hyperbola, 
and  any  other  point  P  on  the  curve,  let  there  be  drawn  two 
cords  meeting  one  of  the  minor  directrices  in  the  points  tttt', 
the  segment  tttt'  subtends  a  right  angle  at  the  centre;  hence 
the  a7igle  in  a  semicircle  is  a  right  angle. 

IV.  Through  the  centre  of  a  conic  section  let  two  right 
lines  be  drawn  at  right  angles  to  each  other,  one  meeting  the 
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curve  in  P,  the  other  a  minor  directrix  in  R ;  the  right  line 
P  R  envelopes  a  circle  whose  diameter  in  the  case  of  the  el- 
lipse is  the  minor  axis,  and  in  that  of  the  hyperbola  the  trans- 
verse axe. 

V.  Let  a  right  line  be  drawn  (fig.  2)  cutting  the  conic  sec- 
tion in  the  points  P  P',  and  the  minor  directrices  in  the  points 
Q  Q',  the  segments  P  Q,  P'  Q'  subtend  equal  angles  at  the 
centre. 

VI.  Through  the  points  P  and  P'  let  two  tangents  to  the 
curve  be  drawn,  one  meeting  the  minor  directrices  in  the 
points  T  T',  the  other  meeting  the  same  directrices  in  the 
points  XT';  the  sum  of  the  angles  subtended  at  the  centre  by 
the  segments  of  the  tangents  T  T  and  t  t'  intercepted  between 
the  directrices  is  double  of  the  angle  subtended  by  Q  Q',  the 
cord  of  contact,  at  the  same  centre. 

VII.  From  the  points  Q,  Q',  let  perpendiculars  be  let  fall 
on  O  T,  O T,  and  O  T',  Or'  respectively ;  these  four  perpen- 
diculars are  equal. 

VIII.  Calling  the  length  of  this  perpendicular  ja,  we  shall 

have  the  relation  -: — p^  ^  ^,  =  4-. 
sm  QOQ'       0 

IX.  Let  a  right  line  touch  a  conic  section  in  P  (fig.  3),  and 
meet  the  minor  directrices  in  Q  Q',  the  distances  O  Q,  O  Q'  of 
the  points  Q,  Q'  from  the  centre  are  rational  functions  of  the 

Fig.  8. 
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co-ordinates  of  the  point  of  contact  P;  and  the  rectangle  under 
these  distuMCi'S  is  to  the  square  of  the  central  radius  vector 
(MMfiDg  through  the  point  of  contact,  as  the  square  of  tlie  di- 
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stance  of  the  major  directrix  from  the  centre  is  to  the  square 
of  the  abscissa  «  of  the  point  of  contact, 

or  OQ.OQ':OP^::^:«2. 

e^ 

X.  Let  the  lines  O  Q,  O  Q'  meet  the  same  minor  directrix 
in  the  points  Q  Q",  then  in  the  triangle  O  Q  Q"  we  shall  have 
the  base  Q  Q'  to  the  sum  of  the  sides  O  Q  +  O  Q",  as  the 
eccentricity  of  the  conic  section  is  to  unity,  or 

OQ^+OQ^^  =  e,  in  the  hyperbola  ^j^^,  =  e. 

XI.  On  this  tangent  let  perpendiculars  be  let  fall  from  the 
minor  foci  C  C,  the  ratio  of  these  perpendiculars  is  equal  to 
that  of  the  distances  of  Q  and  Q'  from  the  centre.  Hence 
the  ratio  of  those  perpendiculars  is  also  the  same  as  that  of  the 
segments  P  Q,  PQ';  thus  the  perpendiculars  from  the  minor 
foci  on  a  tangent,  the  distances  of  the  points  Q  Q'  (where  this 
tangent  meets  the  minor  directrices)  to  the  centre,  and  the 
segments  of  this  tangent  between  the  point  of  contact  and  the 
minor  directrices  are  all  in  the  same  ratio. 

XII.  The  product  of  the  focal  perpendiculars  on  a  tangent 
to  the  curve,  is  to  the  square  of  the  central  perpendicular  on 
the  same  tangent  as  the  square  of  the  semi-diameter  passing 
through  the  point  of  contact  is  to  the  square  of  the  semi-major 
axe, 

wcj'  _  a'^ 
or  -pa-  -  -^• 

Let  A  be  the  angle  which  these  perpendiculars  make  with  the 
minor  axe,  and  let  p  ^'  be  the  distances  of  the  points  Q  Q'  to 
the  centre, 

then  — r  =  ^  sm^  A. 

PP 

XIII.  From  any  point  G  in  one  of  the  minor  directrices 
let  tangents  be  drawn  to  the  curve,  and  let  the  cord  of  contact 
meet  the  same  directrix  in  the  point  H,  the  line  G  H  subtends 
a  right  angle  at  the  centre  O. 

XIV.  Or  more  generally,  if  from  any  point  G  in  the  plane 
of  the  curve,  two  tangents  are  drawn  to  it  meeting  one  of  the 
minor  directrices  in  the  points  m  and  ;/,  the  cord  of  con- 
tact meeting  the  same  directrix  in  the  point  H,  the  line  O  H 
bisects  the  supplement  of  the  angle  m  O  n ;  and  if  from  C,  the 
corresponding  minor  focus,  we  draw  a  line  to  the  point  G 
meeting  the  directrix  in  the  point  H',  the  line  O  H'  bisects 
the  angle  m  O  « ;  hence  the  lines  OH,  OH'  are  always  at 
right  angles  to  each  other. 
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XV.  If  from  any  point  G  in  a  minor  directrix  two  tangents 
are  drawn  to  the  curve  meeting  the  parallel  axe  in  the  points 

(jLfjJf  the  line  ju-ft'  has  to  the  line  O  G  a  constant  ratio,  or 


GO 


2  b 
=  -^,  as  the  minor  axis  2  i  is  to  A  the  distance  between  the 

minor  focus  and  minor  directrix. 

The  very  same  relation  holds  when  the  point  is  assumed 
on  the  common  directrix;  for  if  from  any  point  G  on  the  com- 
mon directrix  two  tangents  are  drawn  meeting  the  parallel 
axis  in  the  points  v  v',  the  segment  v  1/  has  to  the  line  G  F 
(drawn  to  the  corresponding  focus  F)  a  constant  ratio,  or 

yv'2fl! 

=r-c!  =  jr»  ^^  '^®  major  axis  2  a  is  to  h'  the  distance  between 

the  common  directrix  and  corresponding  focus. 

XVI.  From  any  point  P  in  a  conic  section,  perpendiculars 
are  let  fall  on  the  minor  directrices,  the  rectangle  under  these 
perpendiculars  is  to  the  square  of  the  semi-diameter  passing 
through  the  point  P  in  a  constant  ratio,  or 

PT.PT  _    b^    _  k^ 

k  being  the  distance  between  the  centre  and  the  minor  di- 
rectrix. 

This  theorem  is  analogous  to  that  from  which  the  ordinary 
definition  of  a  conic  section  is  usually  derived;  for  let  pp'  be 
the  focal  radii  vectores  of  any  point  on  the  curve  pp'^  the  per- 
pendiculars from  this  point  on  the  common  directrices,  then 

PI^  _    ^    _     a^     _  ^* 

p  p'   ~   e'^   ~  e'^  d^  ~  a^ ' 
y  being  the  distance  between  the  centre  and  major  directrix, 
a  result  perfectly  analogous  to  the  former. 

XVII.  From  any  point  P  in  a  conic  section,  let  two  cords 
be  drawn  through  the  extremities  B  B'  of  the  minor  axe,  the 
conic  section  of  which  the  ])oint  O  is  focus,  and  whicii  touches 
the  cords  P  B,  P  B',  will  also  touch  the  njinor  directrices  of 
the  curve,  and  the  ordinate  to  the  transverse  axe  ihrougii  the 
point  P  will  be  the  major  directrix  of  this  curve. 

XVIII.  Let  p  be  the  angle  between  a  pair  of  tangents  to  a 
conic  section,  pp'  the  distances  of  the  point  of  intersection  of 
the  tangents  to  the  ordinary  foci  on  the  transverse  axe,  and 
w  the  perpendicular  from  the  intersection  of  the  tangents  on 
the  focal  cord  i)a*>sing  through  one  of  the  points  of  contact, 
we  bliall  have  the  tiieorem 

f  f)'  sin  f  =  2  a  tr. 
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XIX.  If  from  any  point  Q  in  a  given  right  line  meeting  a 
minor  directrix  in  P  there  are  drawn  two  tangents  to  the 
curve,  meeting  the  minor  directrix  in  the  points  ft,  and  v,  the 
product  of  the  tangents  of  ^^  P  O  jt*.  and  ^  P  O  v  is  constant. 

On  Systems  of  Conic  Sections  having  the  same  minor  directrices. 

XX.  We  shall  find  that  peculiar  relations  exist  between 
conic  sections  having  the  same  minor  directrices,  somewhat 
analogous  to  those  of  confocal  conic  sections ;  we  cannot  on 
the  present  occasion  give  more  than  a  few  of  them.  Let  k  be 
the  distance  between  the  common  centre  and  one  of  the  direc- 
trices, then  the  axes  are  connected  by  the  relation 

XXI.  Two  rectangular  radii  vectores  being  drawn  from  the 
common  centre  of  two  conic  sections  having  the  same  minor 
directrices,  one  to  each  section ;  the  sum  of  the  squares  of  the 
reciprocals  of  those  semi-diameters  is  constant,  and  the  line 
which  joins  their  points  of  intersection  with  the  curves  enve- 
lopes a  circle ;  and  if  tangents  are  drawn  to  the  curves  through 
the  points  where  the  central  radii  vectores  intersect  them,  the 
locus  of  the  intersection  of  those  tangents  will  be  a  conic  sec- 
tion, having  the  same  centre  and  minor  directrices  as  the 
former. 

XXII.  Let  a  common  tangent  be  drawn  to  two  conic  sec- 
tions having  the  same  minor  directrices,  the  line  connecting 
the  two  points  of  contact  subtends  a  right  angle  at  the  centre. 

XXIII.  From  any  point  in  one  of  the  minor  directrices  let 
a  series  of  pairs  of  tangents  be  drawn  to  the  conic  sections,  all 
the  cords  of  contact  will  meet  in  a  point  on  this  directrix ;  or 
more  generally,  let  there  be  a  series  of  sections  having  the 
same  centre  and  minor  directrices,  and  from  a  point  in  the 
external  one,  let  pairs  of  tangents  be  drawn  to  each  of  the  in- 
terhal  sections;  the  cords  of  contact  will  all  meet  in  a  point 
on  the  tangent  to  the  external  section  drav/n  through  the 
given  point. 

XXIV.  The  difference  of  the  squares  of  the  reciprocals  of 
any  two  coincident  semi-diameters  of  two  conic  sections  having 
the  same  minor  directrices  is  constant. 

XXV.  Let  a  series  of  conic  sections,  all  having  the  same 
minor  directrices,  be  cut  by  a  transversal ;  the  segments  of 
this  line  between  any  pair  of  sections  subtend  equal  angles  at 
the  centre,  and  if  through  every  pair  of  points  in  which  this 
line  intersects  the  sections,  tangents  are  drawn  intercepted 
both  ways  by  the  directrices,  the  sum  of  the  angles  which  any 
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pair  of  these  tangents  drawn  to  the  same  conic  subtends  at 
the  centre  is  constant. 

XXVI.  Let  a  right  line  Q  Q',  and  a  point  O  be  assumed, 
and  round  the  latter  as  pole  let  a  constant  angle  revolve  whose 
sides  meet  the  given  line  in  the  variable  points  Q,  Q' ;  let  two 
other  fixed  points  P  P'  be  assumed,  the  locus  of  the  intersec- 
tion of  the  lines  P  Q,  F  Q'  is  a  conic  section,  which  passes 
through  the  points  P  P',  and  of  which  (when  O  is  the  centre) 
the  given  right  line  is  a  minor  directrix, 

XXVII.  Let  a  series  of  concentric  conic  sections,  having 
the  same  minor  directrices,  be  cut  by  a  common  diameter,  the 
tangents  drawn  through  the  points  where  this  diameter  inter- 
sects the  curves,  envelope  a  concentric  conic  section. 

The  solution  of  this  question  is  so  simply  obtained  by  the 
method  of  tangential  co-ordinates,  that  I  am  induced  to  give 
it  here.     Let 

Z.2o2  +  a2^=l (1.) 

be  the  tangential  equation  of  one  of  the  series  of  ellipses  or 
hyperbolas,  and  as  they  all  have  the  same  minor  directrices, 

J_       _1_  _    1 

a2  +  yt2  -  ^2  ; (2-) 

\et7/  =  nxbe  the  projective  equation  of  the  diameter,  then 

^r'' ^'-^ 

Eliminating  a  and  b  between  the  equations  (1.),  (2.),  and  (3.), 
we  find 

the  equation  of  a  concentric  equilateral  hyperbola  or  ellipse. 

In  an  early  number  we  hope  to  return  to  this  subject,  and 
apply  this  theory  not  only  to  oblate  spheroids  and  central  sur- 
faces of  revolution  generally,  but  to  surfaces  of  the  second 
order  having  three  unequal  axes,  as  also  to  systems  of  sur- 
faces having  coincident  circular  sections,  groups  which  bear  a 
striking  analogy  in  their  relations  to  systems  of  conic  sections 
having  the  same  minor  directrices;  showing  among  other  re- 
markaule  properties,  that  every  surface  of  the  second  order 
haajbur  directrix  planes  parallel  two  by  two  respectively  to 
the  circular  sections  of  the  surface,  as  also  four  foci  situated 
two  by  two  on  the  umbilical  diameters. 
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LXXVII.    Second  Memoir  on  Induction. 
By  Prof.  Elie  Wartmann*. 

§  VII.  On  the  Non-interference  of  Electric  Ciirreiits. 

58.  A  MONG  the  theories  of  electricity,  those  of  statical 
^^  and  dynamical  induction  appear  to  be  of  the  great- 
est importance.  It  may  even  be  said  that  the  explanation 
of  the  phaenomena  of  induction  would  serve  to  establish  the 
true  theory  of  electricity.  On  the  other  hand,  some  expe- 
rimental data  on  the  properties  by  which  this  fluid  is  allied 
to,  or  distinguished  from,  caloric  and  light,  would  be  very 
useful  for  a  clear  comprehension  of  that  action  of  influence 
which  seems  to  belong  to  it  peculiarly.  I  propose,  in  the  pre- 
sent memoir,  to  examine  whether  dynamical  electricity  can 
cause  interferences  analogous  to  those  which  the  two  other 
imponderable  agents  present. 

59.  Are  two  electrical  currents  issuing  from  similar  or  the 
same  sources,  and  primitively  equal,  capable  of  neutralizing 
each  other  wholly  or  in  part,  when,  one  of  them  preserving  a 
constant  intensity,  that  of  the  other  varies  until  it  becomes 
almost  evanescent  compared  with  the  first  ?  This  is  the  pro- 
blem which  I  have  sought  to  solve  by  three  independent  me- 
thods, that  of  induced  currents,  that  of  direct  and  continuous 
currents,  and  that  of  derivations.  The  necessity  of  measu- 
ring with  great  accuracy  the  conductors  which  the  currents 
traverse,  and  the  absolute  ignorance  we  are  in  as  to  the  lengths 
of  the  electric  undulations  (if  indeed  electricity  is  a  phaeno- 
menon  in  which  the  movements  of  the  aether  have  a  share), 
render  the  experiments  which  I  proceed  to  describe  very  de- 
licate and  tedious.  They  have  all  been  repeated  a  great 
number  of  times :  the  principal  ones  have  been  laid  before  the 
Societe  des  Sciences  de  Lausanne. 

A.  Method  of  Induced  Currents. 

60.  In  my  first  memoir  I  showed  (22)  that  on  passing  di- 
rect currents  of  the  same  direction  by  two  inductor  wires,  a 
current  was  induced  equal  to  the  sum  of  their  elementary  ef- 
fects, whilst  (23,  24),  if  the  two  inducing  currents  are  perfectly 
equal  and  in  contrary  directions,  the  two  induced  currents 
neutralize  one  another,  or,  rather,  have  no  sensible  existence. 
But  on  lengthening  one  of  the  inductor  wires  and  leaving  the 
other  constant,  the  equality  of  their  conductibility  and  of 
their  inductive  power  ceases ;  then  the  needle  of  the  rheome- 

*  Read  March  ]  9.  1 845,  before  the  Societe  Vaudoise  des  Sciences  Na- 
turelles.  The  first  memoir  was  inserted  in  the  Philosophical  Magazine, 
vol.  XXV.  p.  266,  and  in  the  Archives  de  l' Electricite,  vol.  iv.  p.  34. 
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ter,  which  is  in  the  circuit  of  the  induced  wire,  indicates  an 
instantaneous  current  equal  to  the  difference  which  that 
lengthening  has  produced. 

61.  Two  cases  might  present  themselves  between  the  limits 
of  induction,  which  correspond  to  zero  and  to  an  infinite  length 
of  the  additional  wire,  applying  the  word  infinite  to  that  which 
compels  the  current  to  discharge  itself  wholly  by  the  constant 
wire.  If  for  constantly  increasing  lengths  we  should  find  the 
values  of  the  induced  current  constantly  increasing,  or  i?iter- 
mitteni  values,  one  while  greater,  at  another  less,  then  only 
there  would  be  interference  in  the  induced  circuit.  Now,  a 
multitude  of  experiments  made  with  the  apparatus  and  wires 
previously  described  in  §  I.,  and  in  which  the  lengthening  of 
the  inductor  wire  is  effected  by  infinitely  slow  degrees,  have 
shown  that  the  angles  of  deviation  increase  without  any  alter- 
nation, and  have  led  to  the  logarithmical  laws  laid  down  in 
§  III.  There  is  therefore  no  interference  under  the  circum- 
stances in  which  I  have  sought  to  produce  it. 

62.  This  result  was  obtained  in  November  184-1,  and  com- 
municated to  the  students  attending  my  lectures  at  the  com- 
mencement of  the  following  year.  It  might  perhaps  be  ob- 
jected, that  if  the  induction,  whose  characteristic  it  is  to  be  in- 
stantaneous, is  produced  by  a  single  wave,  it  is  not  certain 
that  the  phaenomena  of  interference  are  manifested  in  its  de- 
velopment. This  objection  would  be  analogous  to  that  which 
has  been  raised  against  the  explanation  by  electric  undula- 
tions of  the  remarkable  intermittence  discovered  by  Professor 
De  la  Rive  ♦,  in  the  conductibility  of  certain  lengths  of  one  and 
the  same  metallic  wire  for  magneto-electrical  currents  sub- 
mitted to  alternative  and  rapid  changes  of  direction  f.  With 
a  view  to  remove  all  doubt  in  this  respect,  I  have  endeavoured 
to  cause  two  continuous  currents,  launched  simultaneously  in 
the  same  wire,  to  interfere,  either  in  a  contrary  or  in  the 
same  direction  |. 

B.  Method  of  Direct  and  Continuous  Currents* 

63.  The  wires  which  I  have  used  are  noted  in  the  follow- 
ing Table.     They  have  been  chosen  quite  cylindrical,  and 

•  Mhnoires  de  la  SociHe  de  Physique  ct  d^Histoirc  NaturcUc  de  Geiiive, 
vol.  Ix.  Sec  the  sequel  of  these  researches  in  the  Archiven  dc  I' lileclricitf, 
vol.  i.  p.  75*  where  will  be  fuiind  the  explanation  of  this  upparcnt  inter« 
Terence. 

+  Lam6,  Coursde  Phuiinue  de  VEcolc  Polytt'chniquc,  §  8fi0. 

;  M.  Heltier  has  applied  the  sanio  nieanH,  without  employing  it  for  the 
Mtnc  object,  as  I  have,  to  graduate  thermo-electric  rheometerH  hy  his  victhod 

?fthe  turn  of  the  united  currentM,  §  XXII.  of  his  memoir  in  the  ylnvalca  dc 
VdmU  ct  de  Physique,  vol.  Ixxi.  p.  226. 
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annealed  with  care.  Their  lengths  not  being  capable  of  being 
directly  ascertained  with  sufficient  accuracy,  as  they  were  not 
geometrically  rectilinear,  have  been  calculated  by  the  formula 

in  which 

L  is  the  length  sought,  in  millimetres, 

P  the  weight  of  the  wire,  in  grammes, 

A  its  density, 

R  its  radius. 
Tlie  weighings  were  made  by  Borda's  method,  and  with  an 
excellent  balance  constructed  by  Fortin.    The  radii  were  esti- 
mated by  the  method  of  enroulement.  The  densities  are  taken 
from  the  best  tables  known. 


Name  of  the  wires. 

Densities. 

Diameters. 

Weights. 

Lengths. 

metre. 

grammes. 

metres. 

Platinum  wire.  No.  2  . 

22-0 

0-00200 

59-700 

0-864111 

No.  3  . 

220 

0-00140 

31-404 

0-927720 

Copper  wire.  No.  2  ... 

8-9 

000300 

66-892 

1-067160 

No.  3  ... 

8-9 

000300 

65-705 

1-046243 

No.  4   ... 

8-9 

000300 

200-255 

3-184726 

...      ...     No.  5  ... 

8-9 

0-00300 

52-050 

0-828810 

Brass  wire.  No.  3 

8-4 

oooor)0 

21-593 

11 -.576000 

No.  4 

8-4 

000100 

28-116 

4-216216 

Steel  wire.  No.  1   

7-8 

000025 

3-599 

9*405405 

64'.  I  constructed  a  rheometer  with  the  copper-wire  No.  5. 
This  wire  makes  only  four  revolutions,  and  is  not  covered 
with  silk.  The  two  needles  (selected  from  fifty)  are  very  light, 
magnetized  to  saturation,  and  make  an  entire  oscillation  in 
10"'4.  I'he  point  of  the  upper  needle  carries  a  small  strip  of 
blackened  paper,  which  allows  the  deviations  to  be  read  upon 
a  frame  of  0"^'9  diameter. 

65.  In  order  to  have  sources  of  electricity  always  compara- 
ble, and  of  a  perfect  constancy,  I  employed  two  thermo-elec- 
tric pairs  formed  of  metals  which  undergo  no  alteration  in 
the  conditions  in  which  they  were  to  be  placed.  These  metals 
are  platinum  and  copper,  pure  and  perfectly  annealed.  I 
avoided  all  foreign  metal,  by  rejecting  the  use  of  solder.  The 
wires  of  platinum  No.  2  and  of  copper  No.  3,  those  of  plati- 
num No.  3  and  of  copper  No.  2,  were  stretched  in  a  vice  to  a 
length  of  0™*010;  then,  after  having  connected  these  surfaces 
of  contact  by  a  copper  wire  finer  and  better  annealed,  they 
were  plunged  into  equal  quantities  of  pure  mercury,  intended 
to  equalize  promptly  the  temperature  throughout  their  whole 
extent.  This  mercury  was  inclosed  in  two  German  glass  test- 


550  Prof.  Wartmann  on  Electric  Indtiction. 

tubes,  of  equal  dimensions,  and  made  from  the  same  tube ; 
corks  fixed  from  distance  to  distance  separate  the  two  wires 
of  each  pair.  The  test-tubes,  united  by  a  leaden  plate,  in- 
tended to  keep  them  vertical  and  parallel,  were  immersed  in 
a  tinned  copper  reservoir  lialf  filled  with  a  solution  of  chloride 
of  calcium  in  water.  Lastly,  a  double  current  lamp  keeps 
this  bath  at  a  constant  temperature,  indicated  by  an  excellent 
standard  thermometer  graduated  on  its  own  tube. 

66.  All  the  communications  from  the  extremities  of  the 
pairs  with  the  rheometer  are  effected  by  means  of  M.  Pog- 
gendorflfs  clamps,  which  have  the  advantage  of  securing  an 
excellent  contact  without  springs  or  mercury.  They  are 
massive  parallelopipedons  of  pure  copper,  in  which  at  intervals 
three  parallel  cylindrical  apertures  had  been  bored,  which  are 
traversed  perpendicularly  to  their  axis  by  three  screws. 

67.  To  elongate  the  circuit  of  the  pair  of  variable  length, 
I  employ  Mr.  Wheatstone's  rheostat.  The  one  I  have  used 
is  formed  of  two  cylinders  of  0™'06  diameter;  their  clamp  re- 
ceives the  brass  wire  No.  3,  which  makes  sixty  revolutions,  and 
the  serviceable  length  of  which  is  ll™-3.  This  additional  wire 
must  be  of  an  homogeneous  texture,  perfectly  cylindrical,  and 
of  a  very  good  conducting  nature,  without  which  it  would  oc- 
casion perturbations  in  the  notations,  which  would  obscure 
the  final  result. 

68.  The  arrangement  adopted  for  the  experiment  consists 
in  placing  the  rheostat  in  the  circuit  of  one  of  the  pairs,  and 
in  compelling  the  current  of  the  other  pair  to  traverse  the 
rheometer  in  an  inverse  direction  to  that  of  the  first*.  Each 
current  then  possesses  two  ways  of  communication ;  either  by 
the  large,  short  and  homogeneous  wire  of  the  rheometer,  or 
through  the  heterogeneous  and  comparatively  longer  circuit 
of  the  other  pair.  Experiment  and  calculation  prove  that 
the  derivation  produced  by  this  second  method  is  so  small 
that  it  need  not  be  regarded.  For  example,  the  current  of 
the  second  pair  giving  1 4°  deviation  at  -r  114-°  Cent.,  the 
addition  of  the  circuit  of  the  other  pair,  not  Iieated,  causes 
the  needle  to  fall  to  13°  30'.  The  first  pair  having  produced 
26"  at  +  114''  Cent.,  the  derivation  caused  by  the  other  re- 
duced the  index  to  25°  40',  and  no  longer  affected  it  sensibly, 
when  the  deviation  was  reduced  to  4°  or  3°  by  the  interposi- 
tion of  a  sufficient  lengtli  of  the  wire  of  the  riieostat.     As  the 

*  The  following  in  a  nuiiicricnl  cxiiniplo,  intended  to  prove  the  delicacy 
of  my  mcniiurinjf  tippnrutiii).    The  thcrnioincter  mtirkiiig  -\-  14.T®, — 
The  ftmt  pnir  made  the  nrcdie  deviate  from  0°  to  .'39°  cast 
The  •econd  ...  ...  ...         0    ...  18    west 

And  the  opposition  of  their  current!   ...        0   #..  2U   ca»t. 
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application  of  heat  diminishes  the  conductibility  of  the  metals 
which  I  have  employed,  it  may  be  imagined  that  the  hetero- 
geneous wire,  the  solder  of  which  was  raised  from  116°  to 
140°,  according  to  circumstances,  would  no  longer  leave  a 
passage,  except  for  an  imperceptible  fraction  of  the  current. 

69.  Leaving  the  circuit  of  one  of  the  pairs  invariable,  that 
of  the  other  was  modified  by  insensible  degrees  (as  the  rheo- 
stat allows  of  conveniently),  by  shortening  the  whole  length 
of  its  additional  wire  11  metres,  or  by  adding  it  to  it,  which 
nearly  destroyed  its  own  current.  The  course  of  the  needle 
of  the  rheometer  never  indicated  other  than  a  progressive  in- 
crease or  diminution  of  deviation,  and  proved  the  preponde- 
rating influence  of  one  current  over  the  other,  or  their  mu- 
tual neutralization,  on  account  of  their  equality  in  opposite 
directions. 

70.  The  experiment  was  repeated,  sending  the  two  currents 
in  the  same  direction  by  the  wire  of  the  rheometer.  It  gave 
an  analogous  result,  that  is  to  say,  the  most  complete  absence  of 
intei-mittence  in  the  progress  of  the  needle  for  a  constantly  in- 
creasing addition  or  subtraction  of  the  additional  wire. 

71.  I  have  made  other  trials  with  hydro-electric  piles  (6), 
employing  Breguet's  thermometer  (5,  c)  as  a  means  of  mea- 
suring. Two  of  Daniell's  pairs  were  connected  with  that  in- 
strument by  means  of  two  very  equal  brass  conductors,  No.  4. 
On  establishing  a  second  circuit  with  two  other  similar  wires, 
so  that  the  current,  issuing  from  the  same  poles,  should  tra- 
verse the  thermometer  in  an  inverse  direction  to  the  first, 
the  needle  returned  to  its  zero  of  departure  and  remained 
there.  In  order  to  be  sure  that  this  neutralization  was  not 
apparent  only  and  attributable  to  the  circumstance  that  the 
double  circuit  sufficed  for  the  complete  discharge  of  the  bat- 
tery outside  the  spiral,  I  repeated  the  experiment  with  four 
steel  wires  No.  1,  forming  a  double  circuit,  a  much  worse 
conductor  than  that  of  the  brass  wires,  and  wiih  ten  pairs  in- 
stead of  two.     The  result  was  the  same. 

72.  The  following  objections  might  perhaps  be  raised 
against  the  method  of  direct  and  continuous  currents: — 

a.  It  is  advisable  to  employ  a  common  source  instead  of 
two  similar  electrical  sources.  In  the  phaenomena  of  luminous 
or  calorific  interference,  the  bundles  which  destroy  one  an- 
other are  derived  from  the  same  radiation, 

b.  On  the  undulatory  hypothesis  of  electricity,  the  circum- 
stance that  the  vibrations  must  traverse  a  part  of  a  circuit  (the 
wire  of  the  rheostat)  the  diameter  of  which  is  diminished, 
might  prevent  the  possibility  of  their  ulterior  interference  with 
a  current  the  vibrations  of  which  have  not  undergone  a  like 
modification 
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c.  In  a  similar  manner,  the  variations  in  length  of  one  of 
the  circuits  act  upon  the  intensity  of  the  current  which  ema- 
nates from  a  constant  source.  Now  it  is  possible  that  two 
currents  of  unequal  intensity  may  be  incapable  of  interfering 
in  conditions  in  which  they  would  be  mutually  destroyed  if 
their  intensities  had  been  equal. 

73.  It  must  be  remarked,  that  the  two  first  objections  do 
not  apply  to  the  method  of  induced  currents.  But,  in  order 
to  deprive  them  of  all  value,  I  have  imagined  a  third,  which 
consists  of  employing  only  a  single  thermo-electric  pair,  the 
current  of  which  passes  at  the  same  time  in  part  into  the  wire 
of  the  rheometer,  and  in  part  into  a  wire  of  derivation.  This 
wire  was  the  copper  one  No.  4,  and  the  pair  that  of  the  pla- 
tinum wire  No.  2  and  the  copper  one  No.  3. 

C.  Method  qf  Derivations. 

74.  When  the  circuit  of  a  pair  is  closed  with  the  rheome- 
ter, three  derivations  may  be  effected : — from  the  platinum 
wire  to  the  copper  one,  by  thus  compelling  a  part  of  the  cur- 
rent not  to  traverse  the  measuring  apparatus  ;  from  the  pla- 
tinum wire  to  itself,  by  establishing  at  certain  points  of  its 
length  junctions  with  the  extremities  of  the  wire  of  deviation, 
and  causing  a  variation  both  in  the  distance  of  these  points 
and  in  the  length  of  this  wire  ;  lastly,  from  the  copper  wire  to 
itself,  bv  proceeding  in  an  analogous  manner, 

75.  The  wire  of  derivation  was  0™'003  in  diameter,  and 
consequently  could  not  be  wound  round  the  rheostat.  To  en- 
sure a  constant  contact  on  its  surface  (an  extremely  important 
condition),  and  to  cause  its  length  to  vary  so  slowly  that  this 
was  necessary,  I  employed  a  tube  of  pure  copper,  0"**05  long, 
with  a  bore  of  0™'0034,  and  fixed  in  one  of  the  holes  of  a 
PoggcndorfTs  clamp ;  its  two  extremities  were  split  like  a 
porle-crayon,  and  the  lips  might  be  partially  closed  at  will  by 
compressing  rings. 

76.  None  of  the  three  derivations  occasioned  phccnomena-of 
interference. 

77.  The  second  derivation  proved  the  remarkable  action 
of  the  conductibility  on  the  intensity  of  the  current,  for  the 
copper  wire  No.  4  being  u  much  better  conductor  than  tlie 
platinum  wire  of  the  pair,  increased  the  deviation  of  the  nee- 
dle sensibly.  In  one  of  the  experiments,  by  making  thcjunc- 
tions  on  the  one  hand  on  the  platinum  wire  immediately  after 
its  exit  from  the  test-lubes,  and  on  the  other  with  the  rheo- 
meter, the  index  was  propelled  15°  from  its  first  position. 
TIiIh  increase  irj  the  deviation  became  weaker,  but  without 
any  inlermittencc,  when  the  (irst  point  of  conlucl  was  brought 
near  the  second. 
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78.  The  third  derivation  produced  no  sensible  action  on 
the  needle,  as  was  easy  to  foresee,  since  the  wire  of  derivation 
and  that  of  copper  of  the  pair  were  of  the  same  diameter,  and 
as  each  one,  taken  separately,  had  a  conductibility  of  its  own 
and  dimensions  sufficient  to  transmit  the  whole  thermo-elec- 
tric current. 

79.  The  method  of  derivations  appears  to  me  to  be  free 
from  the  third  objection  (72,  c),  that  of  the  intensities.  In  fact, 
the  difference  in  the  intensity  of  the  currents  which  re-united 
after  issuing  from  one  and  the  same  source,  and  having  fol- 
lowed two  entirely  similar  ways,  was  capable  of  being  rendered 
as  feeble  as  possible  without  any  result  of  interferences.  Now 
analogy  being  here  our  sole  guide,  it  is  necessary  to  remember 
that  in  wholly  similar  circumstances,  the  vibrations  of  the 
aether  which  constitute  light,  and  those  of  the  elastic  fluids 
which  engender  sound,  have  presented  very  evident  phseno- 
mena  of  mutual  destruction*. 


LXXVIII.  On  YvesneVs  Theory  of  Double  Refraction.  ByR. 
Moon,  M.A.,  Fellow  of  Queen's  College,  Cambridge,  and  of 
the  Cambridge  Philosopfiical  Society  f. 

ILTAVING  on  several  previous  occasions  treated  of  the 
*■•*■  theory  of  unpolarized  light,  and  having,  as  I  trust,  ef- 
fectually exposed  the  futility  of  the  celebrated  hypothesis  de- 
vised by  Fresnel  for  the  elucidation  of  many  of  the  principal 
phaenomena  in  that  department  of  optics,  1  now  come  to  the 
consideration  of  the  subject  of  polarized  light ;  upon  his  treat- 
ment of  which  Fresnel's  great  fame  now  principally  rests,  and 
to  whose  views  in  regard  to  which  many  of  his  adherents,  who 
have  felt  themselves  compelled  to  give  up  his  theory  of  diffrac- 
tion, still  cling  with  unshaken  fidelity.  What  my  own  faith 
on  this  subject  may  be,  it  is  unnecessary  at  present  to  disclose 
further  than  this,  that  whether  the  original  idea  of  transversal 

*  In  the  fundamental  experiment  of  BVesnel,  the  bundles  of  light  do  not 
necessarily  reach  the  two  mirrors  under  the  same  incidence,  and  have  not 
the  same  intensity  when  they  interfere  after  reflexion.  After  M.  W.  Weber 
had  shown  that  the  surfaces  according  to  which  sound  disappears  around  a 
vibrating  diapHson  are  hy|)erbolically  curved,  Dr.  Kane  succeeded,  following 
out  an  idea  of  Sir  John  Herschel,  in  constructing  united  tubes,  the  lengths 
of  which  are  in  the  relation  of  2  to  3,  or  of  6  to  7.  and  which  destroy  by 
interference  one,  in  a  determined  number,  of  the  sounds  which  is  made  to 
pass  through  them.  (Philosophical  Magazine,  vol.  vii.  p.  301 ;  Poggendorff's 
/hvialen  cler  Physik,  vol.  xxxvii.  p.  485.) 

f  Communicated  by  the  Author. 
Phil.  Mag.  S.  3.  No.  183.  Suppl.  Vol.  27.  2  O 
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vibrations  is  due  to  Young  only  or  not,  1  pledge  myself  to 
prove  that  the  researches  of  Fresnel  have  not  advanced  us 
one  step  beyond  it. 

Fresnel's  first  step  in  the  mathematical  part  of  his  theory,  is 
to  prove  the  existence  of  the  axes  of  elasticity :  "  a  proposi- 
tion," says  Mr.  Smith  (Cambridge  MathematicalJournal,vol.  i. 
p.  1),  "on  which  the  whole  theory  of  double  refraction  de- 
pends, and  which  Fresnel  has  proved  by  a  metliod  which  has 
the  advantage  of  geometrical  distinctness,  but  which  is  long 
and  rather  difficult  to  follow  out  on  that  account.''  On  the 
same  account  I  shall  prefer  to  give  Mr.  Smith's  elegant  ana- 
lysis in  preference  to  the  cumbrous  processes  of  Fresnel,  trust- 
ing my  readers  will  take  my  word  for  it,  that  whatever  it  may 
want  in  "geometrical  distinctness,"  it  gains  in  logical  clear- 
ness. 

"The  proposition  is  thus  stated:  — In  any  system  of  parti- 
cles acting  on  each  other  with  forces  which  are  functions  of 
their  mutual  distances,  there  are  three  directions  at  right  an- 
gles to  each  other,  along  which  if  a  particle  be  displaced,  the 
forces  of  restitution  will  act  in  the  same  direction. 

"Let  X  yzhe  the  co-ordinates  of  the  attracted  point  a^j^jZj ; 
x^y^  ^2  •••  ^^  t'l^  co-ordinates  of  the  attracting  points ;  r,  r^r^ 
...  the  distances  between  the  attracted  and  attracting  points; 
^1  (^i)  ''^2(''2)  ^3  (^'3)  •••  ^'^^  attractions;  X  YZ  the  total  resolved 
forces  along  the  axes,  then  we  shall  have 

X  =  ^"'  ^,  (r.)  +  "^  ♦,  (r,)  +  &c. ; 
and  similarly  for  Y  and  Z.     Now  let 
\\=-Xj*^{r)dr, 


then 


ax 


,,      d}X       ,       when  the  particle  is  in 


Z  =  ^^  =  0, 
dz 


cquilibrio. 


"  Let  tlie  particle  receive  n  small  displacement,  the  projec- 
tions of  which  on  the  co-ordinate  axes  are  8.r,  8(/,  6z.  I'hen 
supposing  the  displacement  to  be  very  snuill,  the  force  of  rc- 
Mtiiiiliun  may  be  taken  as  proportional  to  it,  so  that  we  have 
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X-— 8  ^^R  g      .  _^!A8 

~  dx^  dxdy           dxdz     ' 

dxdy  dy'^      "       dxdz      ' 

dxdz  dydz   ^       dz^ 


(A.) 


"  Now  the  force  of  restitution  will  be  in  the  direction  of  the 
displacement,  if  X  Y  Z  be  proportional  to  8  x^  ly^  I  z.  Let 
then 

_  X_  Y^  Z 

dx      dy       S^' 
then  putting 

rf2R_  d'^R  _  rf2R_ 

d^-^'      dy^-^'     ~d^-^' 
d^R  _     ,       d^R  _  g,      d^R  _^  ^, 
dzdy  ~~      '     dzdx  dxdy  * 

and  substituting  in  the  former  equations,  they  become 
(A-5)8^  +  C'8j/+B'82  =  0, 
aix  +  (B  -  s)8j/  +  Mlz  =  0, 
B'8;r  +  my  +  (C  -s)dz^  0," 

from  which  it  is  easy  to  prove,  supposing  the  above  process 
correct,  "  that  there  are  three  directions  at  right  angles  to  each 
other,  along  which,  if  a  particle  be  displaced,  the  force  of 
restitution  acts  in  the  same  direction." 

But  the  fact  is,  the  above  process  is  entirely  fallacious  if  it 
is  meant  to  apply  to  the  case  of  the  motion  of  a  particle  of 
the  aelhereal  medium  by  which  light  is  produced.  What  is 
meant  by  the  mysterious  principle,  that  "  supposing  the  dis- 
placement to  be  very  small,  the  force  of  restitution  may  be 
taken  as  proportional  to  it,"  I  profess  myself  unable  to  com- 
prehend ;  but  this  I  do  understand,  that  when  the  co-ordinates 
of  the  particle,  whose  motion  is  being  considered,  vary  from 
X,  y^  z  to  X  +  Zx,  y  +  dy,  z  +  iz,  the  co-ordinates  of  the  other 
particles  of  the  medium  will  vary  from  x^y^  z^^  Xc^y^z^,  &c.  to 
j'l  +  S^'i,  j/j  +  8//i,  ^1  +  8^1,  ^2  4-  8^21  .^2  +  ^i/2»  H+  8^2'  Sec.  ; 
and  that  therefore  the  above  values  (A.)  for  the  resolved  parts 
of  the  force  on  the  particle  whose  motion  is  being  considered, 
are  entirely  fallacicjus. 

The  true  value  of  X  in  this  case  is, 

l^S.r  +  ^^8     ,    ^^S;r 
da"^  dxdy    "      dxdz 

2  O  2 
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dxdx^      ^       dxdy^   ^^       dxdz^     "^ 

dxdx^     ^      dxdy^  dxdz^      ^ 

+  &c., 
and  similarly  for  Y  and  Z ;  from  which  it  is  evident,  that  to 
talk  of  the  existence  of  axes  of  elasticity  in  every  system  of 
particles  acting  on  each  other  is  mere  absurdity.  And  hence 
it  appears,  that  the  "proposition  on  which  the  whole  theory 
of  double  refraction  depends"  is  altogether  untrue. 

Will  it  be  urged,  however,  that  although  the  general  pro- 
position does  not  hold,  there  still  may  be  particular  systems 
of  particles  for  which  it  does  hold  ?  1  do  not  hesitate  to  state 
my  belief,  that  the  existence  of  such  a  system  is  impossible; 
and  at  any  rate  would  challenge  any  analyst  whatever  to  sug- 
gest any  such. 

The  case  then  stands  thus : — A  writer  states  a  proposition 
as  the  basis  of  a  theory  ;  he  offers  a  proof  of  the  proposition, 
which  turns  out  to  be  fallacious;  and  not  only  is  the  proof 
itself  erroneous,  but  during  the  investigation  there  appears  a 
degree  of  evidence  approaching  to  certainty,  that  the  propo- 
sition itself,  after  modifying  it  in  every  conceivable  way  con- 
sistent with  the  case  to  which  it  is  meant  to  apply,  is  untrue ; 
and  there  is  moreover  a  -perfect  certainty  that  it  is  incapable 
of  proof.  Thus  we  have  a  fundamental  proposition  of  which 
a  false  proof  is  given,  a  certainty  that  if  true,  it  must  always 
remain  a  mere  assumption  incapable  of  independent  proof; 
and  this  in  the  face  of  the  fact  that  there  is  every  reason  to 
suppose  it  untrue.  Such  a  combination  of  circumstances 
would  have  decided  the  fate  of  any  other  theory ;  why  is  this 
to  be  made  an  exception  to  the  rule?     But  to  return. 

Assuming  the  existence  of  the  axes  of  elasticity,  we  are  next 
introduced  to  the  surface  of  elasticity,  lleferrmg  the  co-or- 
dinates to  the  axes  of  elasticity,  wc  have 

X  =  a8a;  =  ar  cos  a"| 

Y  =  bly  =  br cos /3    > where  rt,  ^,  c  are  constants. 

Z  =  cS«=:cr  cos  y  J 

The  rest  I  shall  give  in  tlie  words  of  Sir  John  Herschel  (vide 
Eucyclopuidia  Mutropol.,  art.  Light,  lOOi):  "  M.  Fresnel 
next  conceives  a  surface,  wiiicii  lie  terms  the  *  surface  of  elas- 
ticity,' constructed  according  to  tiie  following  law  : — On  each 
of  llic  axes  of  elasticity)  and  on  every  radius  ;•  tirawn  in  all 
directions,  take  a  length  proportional  to  the  scjuare  root  of  the 
elaiticity  exerted  on  tliu  displaced  molecule  by  the  medium  in 
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the  direction  of -the  radius,  or  to  vT;  then  if  we  call  R  this 
length,  or  the  radius  vector  of  the  surface  of  elasticity,  we 
shall  have 

W  —  iar  .  cos a\^  +  br.  cos/3,^  f  cr.  cos 7]^}  X  const.; 

the  values  of  R  parallel  to  the  axes  are  then  had  by  the  equa- 
tion 

R2  =  const.  X  a?'  R^  =  const,  x  ir  R^  =  const,  x  cr, 

which  we  shall  express  simply  as  a%  b%  c\  so  that  the  equa- 
tion of  the  surface  of  elasticity  will  be  of  the  form 
R2  =r  «2  cos2  X  +  b^  cos^  Y  +  c^  cos^  Z ; 
v.'here  X  Y  Z  now  stand  for  a  /3  y,  the  angles  made  by  R  with 
the  axes  of  co-ordinates. 

"  Let  us  now  imagine  a  molecule  displaced  and  allowed  to 
vibrate  in  the  direction  of  the  radius  R,  and  retained  in  that 
line,  or  at  least  let  us  neglect  all  that  portion  of  its  motion 
which  takes  place  at  right  angles  to  the  radius  vector.  Then 
the  force  of  elasticity  by  which  its  vibrations  are  governed  will 
be  proportional  to  R^  and  the  velocity  of  the  luminous  wave 
propagated  by  means  of  them,  in  a  direction  transverse  to 
them  (or  at  right  angles  to  R),  will  be  proportional  to  R." 

Of  this  extraordinary  proposition  the  accomplished  author 
does  not  offer  one  syllable  of  proof  or  explanation.  Whether 
Fresnel's  writings  are  equally  deficient,  I  am  not  aware ;  but 
another  eminent  mathematical  writer,  the  present  Astronomer 
Royal,  after  bestowing,  as  we  may  reasonably  suppose,  some 
degree  of  diligence  on  the  study  of  Fresnel's  papers,  appears 
to  have  found  nothing  better  in  the  way  of  a  demonstration 
than  the  following  (vide  Airy's  Tracts,  2nd  edition,  p.341) : — 

"To  explain  on  mechanical  principles  the  transmission  of 
a  wave  in  which  the  vibrations  are  transverse  to  the  direction 
of  its  motion. 

"  In  figure  adjoined  let  the  faint 
dotsrepresenttheoriginal  situations         ,  •  ; 

of  the  particles  of  a  medium,  arran-         • 
ged  regularly  in  square  order,  each  q 

line  being  at  the  distance  h  from  the     j)  .  *  • 

next.     Suppose  all  the  particles  in 

each  vertical  line  disturbed  verti-  ^  ^  F 

cally  by  the  same  quantity,  the  dis-     C  i 
turbances  of  different  vertical  lines 

being  different.     Let  a;  be  the  ho-  •  •  ^ 

rizontal  abscissa  of  the  second  row,     B  • 
.V  —  h  that  of  the  first,  and  .v  +  h 
that  of  the  third ;  let  ti  u^  and  v!  be  the  corresponding  disturb- 
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ances.  The  motions  will  depend  upon  the  extent  to  which  we 
suppose  the  forces  are  sensible.  Suppose  the  only  particles 
whose  forces  on  A  are  sensible,  to  be  B,  C,  D,  E,  F,  G  (omit- 
ting those  in  the  same  line,  as  their  attractions  are  equal  and 
in  opposite  directions);  and  suppose  them  to  be  attractive,  and 
as  the  inverse  square  of  the  distance  ;  and  the  absolute  force 
of  each  =  m.     The  whole  force  to  pull  A  downwards  is 

mjh  -{-  u  —  u{)  m  {u  —  u^ ) 

{k^  +  {h+u-  «i)2}#       {h^  +  («  _  u,Y}^ 

_        m{h  —  u  +  Ui)  m{h  +  u  —  u') 

,         m{u—u!) m{h—u  +  ul) 

{h^  +  (ti-u!)^}^       (^2  +  (^  _  „  +  ,/)2}r 

"  Expanding  these  fractions  and  neglecting  powers  of  «  — m, 
and  u—u'  above  the  first,  the  force  tending  to  diminish  u  is 

('-ii)-p(2"-"'-'^)- 

Putting  for  m^, 

__du,       cPuh^ 


and  for  u', 
we  find 


du,      cPuh^ 
"  +  ^^^  +  ^7^2' 


cPu  _  / l\  mcPu 


23/  h  dx** 


an  equation  of  exactly  the  same  form  as  that  for  the  transmis- 
sion of  sound.  The  solution  therefore  has  the  same  form; 
and  therefore  the  transversal  motion  of  particles  supposed  here 
follows  the  same  law,  that  is,  it  follows  the  law  of  undula- 
tion." And  moreover,  if  the  above  were  correct,  the  velocity 
of  the  luminous  wave  would  be  proportional  to  the  scjuare 
root  of  the  force  of  elasticity  in  a  direction  transverse  to  the 
direction  of  the  course  of  the  wave. 

Whether  the  above  illustration — for  at  best  it  would  be  no- 
thing more — is  due  to  Fresnei  or  Mr.  Airy  himself^  I  am  not 
aware :  but  the  whole  is  erroneous  from  beginning  to  end. 
The  nuithenmtics  not  only  fail  to  meet  the  case  under  con- 
siiieratior),  but  there  is  a  palpable  mathenuUical  error  in  the 
process,  whicii,  even  admitting  tiie  data,  completely  vitiates 
the  result.    1  need  but  advert  to  the  circumstance,  tiiat  in  the 
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approximate  values  substituted  for  u^  and  m',  it  is  assumed  that 
h  is  small  with  respect  to  w,  or  that  the  distances  between  the 
particles  are  small  compared  with  their  actual  motions,  a  sup- 
position entirely  at  variance  with  the  assumed  data  of  the  pro- 
blem. Hence  it  is  plain  that  this  supposed  illustration  is  for 
every  purpose  entirely  worthless. 

Thus  as  we  were  con)pelled  to  assume  the  existence  of  the 
axes  of  elasticity,  not  only  in  the  default,  but  in  the  face  of  evi- 
dence, so  we  are  compelled  to  assume  this  rule  as  to  the  mode  of 
calculating  the  velocity  on  a  bare  analogy  to  a  case  presenting 
the  most  striking  difference  from  that  under  consideration, 
namely  that  of  the  direct  transmission  of  an  undulation  when 
the  vibrations  are  in  the  direction  of  transmission.  We  are 
not  only  compelled  to  assume  the  existence  of  undulations  con- 
sisting of  vibrations  executed  in  directions  perpendicular  to 
the  course  of  the  wave, — respecting  which  it  is  not  too  much 
to  say,  that  it  is  impossible  for  the  mind  to  conceive  the  possi- 
bility of  their  existence, — but  we  are  to  suppose  ourselves  ac- 
quainted with  an  exact  law  to  which  they  are  subject''^.  Of 
the  worth  of  such  a  theory  I  leave  my  readers  to  judge.  The 
discussion  of  the  remaining  portion  of  it  I  must  defer  to  an- 
other opportunity. 
Liverpool,  November  8,  1843. 

*  It  is  easy  to  conceive  of  transversal  as  the  consequence  of  direct  vibra- 
tion, but  I  confess  myself  unable  to  conceive  the  possibility  of  there  being 
a  surface  of  transversal  vibrations  in  the  same  phase — that  of  a  sphere  for 
example.  The  case  of  a  stretched  cord  affords  no  analogy  to  guide  us,  for 
there  the  wave  is  in  the  direction  of  the  motion.  At  all  events,  if  the  hypo- 
thesis of  transversal  vibration  is  to  hold  its  ground,  it  must  have  much  more 
thought  bestowed  upon  it  than  it  has  yet  received.  The  most  painful  cir- 
cumstance connected  with  the  later  history  of  the  undulatory  theory,  is  the 
manner  in  which  ideas,  in  themselves  perhaps  valuable  as  hints,  have  been 
dressed  up  into  a  settled  theory.  A  truly  philosophical  mind,  to  which  the 
idea  of  transversal  vibrations  had  once  suggested  itself,  would  have  set  itself 
to  work  to  discover,  if  possible,  some  method  by  which  such  motion  could  be 
conceived,  and  would  not  have  rested  satisfied  so  long  as  a  doubt  existed  as 
to  the  perfect  feasibility  of  the  scheme.  Thus  it  is  that  we  may  account  for 
Young  not  having  attempted  to  carry  his  first  notion  any  further.  He  saw, 
no  doubt,  the  difficulties  by  which  the  idea  of  transversal  vibrations  was  be- 
set, and  was  well-aware  that  till  these  were  got  over,  it  was  hopeless  to  at- 
tempt to  enter  with  any  chance  of  success  into  the  discussion  of  their  na- 
ture and  consequences.  Fresnel,  on  the  contrary,  was  satisfied  with  a  series 
of  possibilities,  upon  which  he  has  built  a  theory,  not  only  of  no  value  in 
itself,  as  having  nothing  solid  to  rest  upon,  but  from  its  crudity  and  manifold 
errors  discreditable  to  himself  and  to  the  age  by  which  it  has  been  received. 


[  560  ] 

LXXIX.  Addenda  to  Mr.  Drach's  asserted  Proof  of  Fermai's 

Theorem  * . 

PORTIONS  of  the  above  paper  (vide  Phil.  Mag.,  p.  286, 

■'-       for  October  last)  possibly  requiring  further  elucidation, 

it  may  be  observed  that  the  conclusion  in  the  odd  case  is  better 

proved  as  follows  : — 

As  the  binomial  theorem  for  whole  powers  extends  to  frac- 

,      .  ,•  .  •  f  I  /         1       2       ,    4       31     ^\ 

tional  subdivisions  oi  the  root  \e.g.-  +-  =  1,-  +  — =  7), 

the  equations  betw^een  or,  c,  Z,  Y,  exist  if  even  these  quanti- 
ties are  fractional.  Let  k  be  any  whole  number,  and  make 
a  =  .?2Ar+i^  1  =  z^-\-  c  —  y^+\  ¥=3/"'-*, 

n 

multiplying  by  2  ^-2*»"-m  and  then  by  s;*""^"!, 

1  +  S  Ai  -^    .  ^  k 

-      C         1  iV      ^         1  iV 

The  foot  indexes  of  B  ought  to  have  been  doubled,  and  the 
equation  transforms  to 

Ai  being  independent  of  A:,  n  =  1  gives  p  =  \  =  q;  w— 1 
enters  ail  B,  except  B(,=  1,  .'.Oss:  1  —  (- -*-.y)*  is  the  ecjuation 
in  this  case.  If  ^  =  0,  r.  and  y  ore  indeterminate  ;  for  any 
other  value  of  Xr,  z=yy  and  therefore  .r  =  0,  an  excepted  case. 
When  «  >  1,  and  i  >•  0,  all  the  terms  are  negative,  whatever 

/-  may  be;  of  the  term  i  =  0,  or  of  1  —  — .  (  ^  I"'"*,  it  can- 
^  nq    \z/ 

•  Communicated  by  the  Author. 
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not  be  immediately  shown  if  this  is  +ve  and  less  than  the  re- 
maining terms ;  but  we  may  make  k  as  great  as  we  please, 
and  z^y  will  always  possibly  render  this  factor  negative, 
without  restricting  the  generality  of  the  original  equations,  .*. 
we  may  always  assume  when  7i  >  1,  0  =  sum  of  exclusively 
7ic'gative  real  quantities ;  the  absurdity  of  which  proposition 
shows  that  n  cannot  exceed  unity. 

Case  2. — Page  288,  line  9,  is  derived  from  division,  and  by 
line  12, 

y2-  \z-y)     U^  +  2'         4/i+lJ  ' 
.♦.  the  bracketed  factor  can  evidently  never  become  a  square. 

Line  21. — The  introduction  of  '/  —  I  follows  from  Euler, 
ch.  xii. 

Line  26  to  28,  deduced  from  the  binomial  theorem. 

Page  289,  line  2,  add  respectively. 

Page  289,  line  8  (after  magnitude),  from  the  symmetry  of 
the  binomial  expansion,  setting  out  from  either  extreme. 

P.S.  This  case  is  immediately  deducible  from  the  first,  by 
considering  a;%  y^  and  z^  as  raised  to  the  odd  wth  power. 

Are   Fermat's  papers  preserved  in  no  chateau  or  biblio' 
theque  ? 

S.  M.  D. 

November  21, 1845. 
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ON  RESPIRATION.       BY  PROF.  MAGNUS. 

IN  a  paper  read  before  the  Royal  Academy  at  Berlin,  the  author 
first  enumerated  the  different  views  on  the  nature  of  respiration 
which  had  been  proposed,  and  especially  urged  against  all  those 
theories  which  suppose  that  a  chemical  combination  takes  place  in 
the  lungs  between  the  oxygen  and  the  blood,  that  they  do  not  ex- 
plain how  it  is  that  blood,  after  having  been  darkened  by  agitation 
with  carbonic  acid,  is  again  rendered  of  a  bright  red  by  oxygen  or 
atmospheric  air,  and  is  capable  of  again  assuming  its  former  arterial 
colour,  if  its  arterial  tint  depends  upon  oxidation ;  for  carbonic 
acid  cannot  deoxidize  the  blood,  and  how  can  it  be  conceived  that 
blood  which  has  once  been  oxidized  can  be  again  oxidized  a  second 
or  third  time,  and  so  on,  without  having  been  deoxidized  ?  This 
objection  appears  to  the  author  so  conclusive,  that  he  considers  it 
sufficient  to  refute  any  theory  which  supposes  chemical  cpmbination 
of  oxygen  with  the  blood  to  occur. 

He  then  alluded  to  the  theory  which  he  had  proposed  in  1 837, 
according  to  which  the  inspired  oxygen  does  not  combine  chemi- 
cally with  the  blood,  but  is  only  absorbed,  and  thus  arrives  in  the 
capillary  vessels,  where  it  is  applied  to  the  oxidation  of  certain  sub- 
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stances,  converting  them  into  carbonic  acid,  and  perhaps  also  into 
water.  The  carbonic  acid,  instead  of  oxygen,  is  then  absorbed  by 
the  blood,  and  reaches  the  lungs  with  it,  to  be  removed  by  contact 
with  the  atmosphere ;  a  fresh  quantity  of  oxygen  is  then  absorbed 
instead  of  it,  and  undergoes  the  same  changes. 

The  quantities  of  oxygen  which  were  then  separable  from  the 
blood  by  the  air-pump  were  but  small.  The  author  has  now  en- 
deavoured to  procure  larger  quantities  from  it,  and  has  been  occu- 
pied with  an  examination  of  the  general  absorbent  properties  of  the 
blood,  especially  with  regard  to  oxygen.  With  this  object,  the 
blood  was  agitated  with  continually  renewed  portions  of  atmospheric 
air,  and  to  ascertain  subsequently  how  much  air  it  contained  from 
absorption,  it  was  placed  in  a  vessel  filled  with  mercury,  and  which 
was  closed  with  an  iron  stop-cock.  This  was  then  screwed  upon  a 
second  vessel,  likewise  closed  with  a  stop-cock,  and  containing  car- 
bonic acid.  On  opening  the  cock,  the  mercury  fell  out  and  the 
carbonic  acid  ascended  to  the  blood.  The  vessels  were  then  sepa- 
rated, and  the  blood  continually  agitated  with  the  carbonic  acid. 
The  vessel  was  then  screwed  upon  another  completely  filled  with 
mercury,  and  the  gas  was  allowed  to  collect  in  this.  Carbonic  acid 
was  then  in  the  same  manner  again  mixed  with  the  blood,  which 
was  then  agitated  and  the  gas  also  conveyed  into  this  vessel ;  and 
this  process  was  repeated  several  times.  Finally,  the  collected  gas 
was  examined,  the  carbonic  acid  being  absorbed  by  caustic  potash, 
the  oxygen  being  detonated  with  hydrogen,  and  the  remainder  con- 
sidered as  nitrogen. 

Although  these  experiments  appear  so  simple,  it  was  at  first  im- 
possible to  carrj'  them  out,  because  the  time  which  it  was  requisite 
to  allow  for  the  subsidence  of  the  froth  after  each  agitation  was  so 
great  that  decomposition  commenced  in  the  blood  before  the  com- 
pletion of  the  experiment. 

This  difficulty  was  subsequently  removed  by  adding  a  drop  of 
oil,  which  when  placed  on  the  surface  of  the  blood  soon  caused  the 
disappearance  of  the  froth. 

Numerous  and  repeated  experiments,  made  in  this  manner,  on  the 
blood  of  calves,  cattle  and  horses,  have  yielded  tolerably  uniform 
results,  the  minimum  of  oxygen  being  10  per  cent,  and  the  maximum 
12*5  per  cent,  of  the  volume  of  the  blood,  and  the  minimum  of  ni- 
trogen being  1*7  per  cent,  and  the  maximum  'J'3  per  cent,  reduced 
to  the  temperature  of  'Vl°  V.  and  the  mean  barometric  pressure. 

The  proportion  in  which  the  oxygen  and  nitrogen  found  in  the 
gas  obtain(;d  from  the  blood  are,  affords  unotluM-  indirect  proof  that 
no  air  had  entered  the  viisscls  from  without  during  the  experiment. 
Had  this  been  the  ease,  tin;  quantities  of  the  two  gases  foutid 
would  have  been  more  nearly  in  the  proportions  existing  in  the  at- 
monphere,  whilst  the  oxygen  ordinarily  amounted  to  3  anafrequently 
4  and  .5  times  as  much  ix*  the  nitrogen. 

Although  the  diff(;reitc(>  betucen  10  and  12'.')  per  cent,  is  not  in- 
conttiderable,  itlill  it  might  appear  remarkable  that  tin;  experiments 
agree  so  well  with  ouu  another,  especially  us  they  do  not  liberate  the 
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whole  of  the  absorbed  gas ;  but  the  more  frequently  fresh  carbonic 
acid  is  added  to  the  blood,  the  greater  must  be  the  quantity  of  gas. 
This  is  also  true  in  practice  ;  but  after  renewing  the  carbonic  acid 
3  or  4  times,  the  increase  in  the  quantity  of  gas  was  found  to  be  so 
small,  that  it  fell  within  the  limits  of  error  of  observation.  More- 
over, all  the  experiments  were  carried  out  under  the  same  conditions. 
About  400  cubic  centimetres  of  blood  were  usually  employed ;  a 
smaller  quantity  was  only  used  for  some  experiments.  Too  small  a 
quantity  could  not  be  applied,  as  the  amount  of  gas  obtained  is  very 
small.  The  volume  of  carbonic  acid,  which  was  each  time  shaken 
with  the  blood,  was  never  less  than  that  of  the  blood  itself;  nor  could 
much  larger  quantities  be  taken,  because  the  vessels  when  com- 
pletely filled  with  mercury  would  be  managed  with  too  much  diffi- 
culty, and  would  be  readily  broken.  Even  in  their  present  size  con- 
taining about  700  cubic  centimetres,  they  must  be  made  of  exceed- 
ingly strong  glass.  They  are  tall  and  cylindrical,  with  a  narrow 
neck,  and  are  graduated  in  cubic  centimetres. 

The  quantity  of  oxygen  which,  as  shown  by  these  experiments, 
the  blood  was  capable  of  absorbing,  is,  as  the  author  has  proved,  suf- 
ficient to  allow  of  the  supposition  that  the  whole  quantity  of  air  in- 
spired is  absorbed  by  the  blood  ;  but  it  is  doubtful  whether  the  arte- 
rial blood  contains  as  much  oxygen  as  that  repeatedly  shaken  with 
atmospheric  air,  and  whether  the  quantities  obtained  were  but  a 
small  portion  of  the  oxygen  really  absorbed. 

To  decide  this,  the  experiments  were  varied,  so  that  the  blood 
was  first  agitated  with  constantly  renewed  quantities  of  carbonic 
acid,  to  remove  the  whole  of  the  oxygen  and  nitrogen  absorbed. 
The  blood  was  then  repeatedly  shaken  with  measured  quantities  of 
atmospheric  air,  and  the  remaining  air  was  again  measured,  and  the 
quantity  of  carbonic  acid,  oxygen  and  nitrogen  ascertained  by  the 
method  previously  described,  when  the  quantity  of  oxygen  and 
nitrogen  absorbed  was  found.  From  numerous  experiments  con- 
ducted in  this  manner,  the  minimum  amount  of  oxygen  absorbed 
amounted  to  10  per  cent,  and  the  maximum  to  16  per  cent,  of  the 
volume  of  the  blood.  In  several  experiments  as  much  as  6*5  per 
cent,  of  nitrogen  was  absorbed. 

In  one  of  these  experiments  calves'  blood  was  uninterruptedly 
shaken  with  atmospheric  air  ;  it  was  then  repeatedly  agitated  with 
carbonic  acid.  By  this  treatment  it  yielded  11*6  per  cent,  of  its 
volume  of  oxygen,  but  absorbed  154*9  per  cent,  of  carbonic  acid. 
This  blood  was  then  shaken  with  separate  portions  of  a  measured 
quantity  of  atmospheric  air ;  it  thus  absorbed  15*8  per  cent,  of  oxy- 
gen, yielding  at  the  same  time  138*4  per  cent,  of  carbonic  acid. 
Finally,  it  was  again  shaken  with  carbonic  acid,  and  again  yielded 
9*9  per  cent,  of  oxygen,  whilst  it  absorbed  92*1  per  cent,  of  carbonic 
acid. 

It  is  thus  evident  that  by  agitation  with  carbonic  acid  we  can 
separate  almost  the  whole  of  the  oxygen  absorbed  by  the  blood, 
which  would  be  the  most  striking  proof  that  the  oxygen  is  not  che- 
mically combined  with  the  blood,  but  exists  in  it  merely  as  absorbed. 
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These  experiments  show  that  the  blood  is  capable  of  absorbing 
1^  times  its  volume  of  carbonic  acid,  a  result  which  has  also  been 
obtained  by  other  observers.  They  moreover  show  that  it  is  capable 
of  absorbing  from  10  to  12*5  per  cent,  of  its  volume  of  oxygen 
from  the  atmosphere,  consequently  10  to  12  times  more  than  water 
under  the  same  circumstances,  and  that  the  absorption  of  nitrogen 
amounts  to  6*5  per  cent. 

Moreover,  experiments  similar  to  those  above  described  were  in- 
stituted on  the  real  arterial  blood  of  horses  which  were  of  advanced 
age.     By  agitation  with  carbonic  acid  there  was  obtained — 

Oxygen.  Nitrogen. 

10-5  2-0 

10-0  3-3 

whence  it  is  evident  that  the  oxygen  exists  in  at  least  as  great  quan- 
tities in  the  arterial  blood  of  horses. 

The  author  then  shows,  that  from  some  observations  upon  the 
quantity  of  the  inspired  air  and  of  the  blood  which  flows  into  the 
lungs  in  a  given  time,  we  may  conclude  that  the  blood  does  not 
absorb  more  than  half  the  oxygen  which  the  experiments  above  de- 
tailed have  shown  to  exist  in  it.  This  portion  is  each  time  consumed 
in  the  capillary  vessels,  and  the  remainder,  amounting  to  the  other 
half,  remains  in  the  venous  blood. —  Chemical  Gazette,  No.  71. 


ANALYSIS  OF  TITANIFEKOUS  IRON. 

M.  H,  Rose  remarks,  that  the  earlier  analyses  of  this  substance 
are  discordant,  on  account  of  the  imperfect  separation  of  the  titanic 
acid  and  oxide  of  iron.  The  titaniferous  iron  of  Egersund  in  Norway 
has  been  analysed  by  M.  Mosander,  M.  Kobell  and  M.  H.  Rose ;  the 
results  obtained  by  the  two  first  agree  pretty  well,  but  differ  con- 
siderably from  those  of  M.  Rose. 

In  three  ojjerations  on  the  above-named  mineral  M.  Mosander  o1)- 
tained  the  following  results  : — 

I.  If.  in. 

Titanic  acid 3904  42-59  4108 

Peroxide  of  iron    29-16  23-21  25-95 

Protoxide  of  iron 27-23  29'27  29-04 

Protoxide  of  manganese 0*21 

Magnesia 2*30  1-22  1-94 

Oxide  of  cerium  and  of  yttria. .          ...  0-58 

Oxide  of  chromium 012  0-33 

Silica J);31  1'65  OM37 

98-37         98-27         98-66 

'ITic  rcHultB  of  M.  KobcU's  analysis  are, — 

Titanic  acid 43-24 

Peroxide  of  iron 28-66 

Protoxide  of  iron 2791 

99-81 
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The  same  mineral  analysed  by  M.  Rose  gave, — 

Titanic  acid 43*73 

Peroxide  of  iron    42*70 

Protoxide  of  iron   13*57 

loo^ 

Ann.  de  CJi.  et  de  Phys.,  Nov.  1845. 


ANALYSIS  OF  SPHENE. 

M.  Rose  remarks,  that  the  difficulty  which  exists  in  separating 
silica  and  titanic  acid  occasions  the  few  analyses  of  sphfene  which 
have  been  made  to  differ  considerably  from  each  other. 

Klaproth  first  analysed  the  sphene  of  Passau  by  fusing  it  with  hy- 
drate of  potash ;  the  mass  dissolved  in  water,  supersaturated  with 
hydrochloric  acid,  left  the  silica  as  a  residue,  and  the  filtered  solu- 
tion was  precipitated  by  solution  of  carbonate  of  potash ;  the  pre- 
cipitate after  drying  was  digested  in  hydrochloric  acid  and  left  an 
additional  residue  of  silica ;  ammonia  poured  into  the  filtered  liquor 
precipitated  the  titanic  acid,  and  after  its  separation  the  lime  was 
obtained  by  carbonate  of  potash. 

Klaproth  afterwards  analysed  the  sphene  of  Salzbourg  by  digest- 
ing with  heat  in  hydrochloric  acid ;  the  insoluble  residue  was  fused 
with  carbonate  of  potash,  treated  with  water,  and  the  solution  was 
saturated  with  hydrochloric  acid ;  the  hydrochloric  solutions  were 
mixed  and  precipitated  by  ammonia,  and  the  filtered  liquor  was 
freed  from  lime  by  carbonate  of  potash.  The  mixture  of  silica  and 
titanic  acid,  jjrecipitated  by  ammonia,  was  moderately  dried  and 
treated  with  hydrochloric  acid,  which  dissolving  the  titanic  acid,  left 
the  silica  undissolved. 

The  results  of  these  analyses  were  as  follows  : — 

Passau.        Salzbourg. 

Silica 35  36 

Titanic  acid    33  46 

Lime   33  16 

*         Magnesia    trace 

Water _^  _\ 

101  dd 

These  results  diflFer  greatly  from  each  other ;  it  could  not  be  other- 
wise, on  account  of  the  methods  employed :  the  second  was  better 
adapted  than  the  first  to  give  approximative  results ;  but  yet  the 
quantity  of  lime  obtained  was  too  small. 

Cordier  found  the  sphfene  of  Saint  Gothard  to  consist  of, — 

Silica    28*0 

Titanic  acid 33*3 

Lime    32*2 

93^ 

He  acted  upon  it  by  hydrochloric  acid,  evaporated  to  dryness,  col- 
lected the  silica  on  a  filter,  precipitated  the  titanic  acid  by  ammonia. 
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and  afterwards  the  lime  by  caustic  potash.  M.  Rose  observes,  that 
these  three  analyses,  which  have  been  made  for  a  considerable  time, 
are  not  entitled  to  great  confidence  ;  he  afterwards  states,  that  Fuchs 
has  recently  given  an  analysis  of  the  sphene  of  Schwartzenstein  in 
Zillerthal,  by  a  very  ingenious  method.  The  action  upon  it  by  hy- 
drochloric acid  not  succeeding,  he  fused  it  with  potash,  and  boiled 
the  calcined  mass  in  distilled  water,  in  order  to  get  rid  of  the  excess 
of  potash,  and  separated  by  the  usual  processes  a  small  quantity  of 
silica  dissolved  in  the  operation.  The  residue  was  dissolved  in  con- 
centrated hydrochloric  acid,  and  the  solution  out  of  the  contact  of 
air  was  left  for  several  days  in  contact  with  copper  turnings  at  a 
moderate  temperature.  The  silica  formed  a  jelly,  whilst  the  titanic 
acid,  reduced  by  the  copper  to  the  state  of  oxide  of  titanium,  re- 
mained dissolved  in  the  liquor,  which  became  of  a  deep  blue  colour. 
The  silica  being  separated,  the  oxide  of  titanium  contained  in  the 
liquor  was  converted  into  titanic  acid,  and  precipitated  by  ammonia  ; 
an  oxalate  poured  into  the  filtered  solution  precipitated  the  lime. 
The  quantity  of  copper  dissolved  by  the  hydrochloric  acid  gave  that 
of  the  titanic  acid. 
The  results  were, — 

Titanic  acid   4321 

Silica 32-52 

Lime 24-18 

99-91 

M.  Ilose  states,  that  the  best  method  of  analysing  sphene,  when 
the  determination  of  its  three  elements  directly  is  desired,  consists 
in  the  use  of  concentrated  sulphuric  acid.  The  mineral,  reduced  to 
an  impalpable  powder,  is  put  into  a  platina  crucible  with  sulphuric 
acid  diluted  with  half  its  weight  of  water ;  the  mass  is  to  be  heated 
and  stirred  till  the  sulphuric  acid  begins  to  volatilize.  The  titanic 
acid  dissolves  in  the  sulphuric  acid,  the  lime  and  silica  separate ; 
when  the  mass  is  cold,  it  is  to  be  treated  with  a  large  quantity  of 
water ;  the  silica  which  remains  is  not  however  pure,  but  is  of  a 
yellowish  colour,  and  it  requires  to  be  five  times  treated  with.sul- 
])huric  acid  to  be  rendered  pure  and  colourless.  When  the  solution 
is  treated  with  carbonate  of  soda  it  gives  an  insoluble  residue,  cer- 
tainly more  considerable  in  quantity  than  any  of  those  yielded  by 
the  same  treatment  with  other  silicates,  but  much  smiJler  than  the 
residue  left  by  the  silica  of  sphene  acted  uj)on  by  hydrochloric  acid. 

1-022  gramme  of  the  uph^ne  of  Zillcrthid  gave  0338  of  silica, 
neglecting,  after  its  treatment  with  carbonate  of  potash,  a  residue 
of  0052.  This  residue  was  completely  acted  uj)on  by  fusion  with 
bisulphatc  of  potash ;  tlje  fused  masH,  treated  with  water,  left  0'044 
of  InHolublc  Milica.  The  filtered  liquor  contained  no  titanic  acid ; 
but  by  tiie  usual  process  O'OOS  of  lime  was  separated  from  it.  After 
the  BC])aratiun  of  the  silica,  the  titanic  acid  was  prcci]>itated  by  am- 
monia ;  it  weighed  0'43G  gramme,  and  contained  O'Ol  1  oxide  of 
iron,  which  waa  teparRted  from  the  solution  of  the  titanic  acid  in 
the  concentrated  sulphuric  acid ;  the  lin>e  obtained  after  the  sepa- 
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ration  of  the  titanic  acid  weighed  0"264.  The  result  of  this  analysis 
is  then — 

Silica 32-29 

Titanic  acid 41*58 

Oxide  of  iron 1'07 

Lime 2661 

101-55 

Sph^ne  is  very  readily  fused  with  bisulphate  of  potash,  and  the 
analysis  is  easier  than  by  sulphuric  acid ;  but  the  results  obtained 
are  less  certain. — Ann.  de  Ch.  et  de  Phys.,  Nov.  1845. 


ANALYSIS  OF  CASCARILLA CASCARILLINE.       BY  M.  DUVAL. 

The  following  principles  were  found  by  the  author  in  cascarilla  : — 
Albumen,  Tannin  of  a  peculiar  kind,  Crystallizable  bitter  matter 
(Cascarilline),  Red  colouring  matter,  Fatty  matter  having  a  nauseous 
smell.  Wax,  Gummy  matter.  Volatile  oil  of  an  agreeable  odour.  Resin, 
Starch,  Pectic  acid.  Chloride  of  potassium.  Salt  of  lime,  Lignin. 

Of  these  various  principles,  the  bitter  matter,  or  cascarilline,  is  the 
most  interesting  in  the  opinion  of  the  author ;  it  was  extracted  by 
the  following  process  : — The  cascarilla  reduced  to  a  moderately  fine 
powder  was  introduced  into  a  percolating  apparatus,  and  treated 
with  water ;  the  infusions  being  mixed,  acetate  of  lead  is  to  be  added  ; 
filter  and  get  rid  of  the  excess  of  lead  by  sulphuretted  hydrogen  ; 
filter  again  and  evaporate  the  liquor  to  about  \,  then  add  a  little  ani- 
mal charcoal  and  filter  again ;  the  evaporation  is  to  be  continued  at 
a  very  low  temperature  ;  at  a  certain  period  a  pellicle  is  formed,  and 
the  liquor,  before  it  acquires  the  consistence  of  a  syrup,  is  to  be  al- 
lowed to  cool.  Sometimes  the  matter  does  not  crystallize  ;  it  then 
assumes  a  resinous  appearance,  and  the  greater  part  of  it  adheres  to 
the  vessel ;  this  substance  hardens  on  cooling. 

In  order  to  purify  the  product,  whether  crystalline  or  resinous  in 
appearance,  it  is  to  be  powdered,  put  into  a  tube,  and  alcohol  of  sp. 
gr.  0-8763  added  cold,  and  rather  more  than  is  requisite  to  moisten 
it.  After  sufiicient  digestion,  the  alcoholic  liquid,  which  is  highly 
coloured,  is  to  be  separated  ;  by  these  means  the  greater  part  of  the 
colour  and  fatty  matter  of  the  cascarilline  are  removed  ;  and  the  re- 
sidue, which  is  evidently  decolorized,  is  to  be  dissolved  in  boiling 
alcohol  of  sp.  gr.  0-8439;  a  little  animal  charcoal  is  to  be  added, 
and  after  filtration  the  liquor  is  to  be  suffered  to  evaporate  sponta- 
neously. The  residue  is  to  be  dried  on  filtering-paper,  triturated 
with  cold  and  dissolved  in  boiling  alcohol,  filtered  and  set  aside  to 
evaporate  spontaneously,  and  by  this  the  cascarilline  is  obtained 
pure. 

The  properties  of  cascarilline  are,  that  it  is  white  and  crystallized  ; 
the  crystals,  when  examined  by  the  microscope,  have  usually  the 
form  of  prismatic  needles,  and  sometimes  that  of  hexagonal  plates. 
Cascarilline  is  inodorous,  bitter,  but  not  immediately  so,  on  account 
of  its  slight  solubility  in  water ;  when  heated  in  a  glass  tube,  it  fuses 
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and  yields  a  syrupy  liquid  resembling  burnt  sugar  in  appearance  ;  its 
melting-point  is  lower  than  that  of  salicine  ;  on  cooling  after  melting 
it  retains  its  transparency  and  becomes  brittle  like  resin ;  if,  on  the 
contrary,  the  action  of  heat  upon  it  be  continued,  it  decomposes, 
yielding  a  vapour  which  reddens  litmus  paper ;  when  rubbed  with  a 
little  potash  and  heated  in  a  tube  so  as  to  be  decomposed,  it  does 
not  restore  the  blue  colour  of  reddened  litmus ;  when  heated  on  pla- 
tinum foil,  it  burns  without  leaving  anyresidue.  Cascarilline  is  soluble 
in  alcohol  and  aether,  but  is  very  slightly  soluble  in  water,  but  never- 
theless imparts  strong  bitterness  to  it ;  the  solution  does  not  alter 
litmus,  and  is  not  precipitated  either  by  acetate  or  diacetate  of  lead, 
by  tannin  or  the  alkalies.  Cold  concentrated  sulphuric  acid  dissolves 
cascarilline  and  becomes  immediately  of  a  deep  red  colour  with  a 
purple  tint ;  water  added  to  it  occasions  precipitation  ;  the  liquor 
then  appears  of  a  grass-green  colour,  which  is  more  or  less  deep  ac- 
cording to  the  quantity  of  water  added ;  as  the  precipitate  falls  the 
liquor  becomes  colourless,  and  the  precipitate  only  retains  the  green 
colour.  Excess  of  ammonia  does  not  dissolve  this  precipitate,  but 
renders  it  of  an  ochre-yellow  colour. 

Concentrated  nitric  acid  also  dissolves  cascarilline ;  the  solution 
is  yellow  and  is  precii)itated  by  ammonia,  excess  of  which  does  not 
dissolve  the  precipitate. 

Hydrochloric  acid  also  dissolves  it  and  becomes  of  a  violet  colour, 
which  the  addition  of  a  small  quantity  of  water  renders  blue,  and 
more  renders  it  green. 

As  cascarilline  contains  no  nitrogen,  and  does  not  combine  either 
with  acids  or  alkalies,  it  must  be  classed  with  the  neutral  non-azotized 
bodies,  such  as  salicine,  colombine,  &c. — Journ.  de  Pharm.  et  de  CA., 
Aout  184.'i. 


SPHEROIDAL  CONDITION  OF  LIQUIDS*. 

To  Richard  Taylor,  Esq. 
Sir, 

I  cannot  think  that  Mr.  Armstrong's  explanation  of  the  fact, — 
that  the  temperature  of  liquids  in  the  above  condition  is  lower  than 
their  boiling-point, — is  the  true  one ;  or  rather,  I  ought  to  say,  that 
hih  pajjcr  does  not  in  any  way  account  for  the  phaiuomcnon  it  so 
ably  describes. 

The  separation  of  the  liquid  from  the  dish  depends  upon  the  mo« 
lecular  relations  between  tlie  liquid  and  the  dish  being  altered  by  tlie 
increased  temperature  of  the  latter ;  and  this  is,  I  think,  all  that  can 
be  said  of  the  matter  in  the  present  state  of  our  knowledge 

But,  taking  the  Hcparation  as  a  fundamental  fact,  we  must,  to  ex- 
plain the  diminution  of  temperature,  solve  the  following  problem,  at 
least  approximately : — 

"  A  spheroidal  mass  of  a  vaporizablo  liquid  is  surrounded  by  a 
medium  of  a  temperature  /,  t  varying  from  ])oint  to  point ;  rcciuired 

*  Mr.  AnnHtrong's  poper  lowiiich  thi»  note  refcrii  will  bo  found  at  p.  62 
of  the  present  volume. 
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the  temperature  of  the  fluid  at  any  point : "  /  must  be  previously  de- 
termined. 

We  now  see,  on  distinctly  annunciating  the  question,  that,  in  the 
vast  diflference  between  the  maximum  value  of  t  and  the  temperature 
of  the  diah  will  be  found  a  clue  to  the  true  explanation. 

I  remain,  dear  Sir,  with  great  respect. 

Your  obedient  Servant, 
October  14,  1845.  S.  X. 

P.S.  I  shall  perhaps  at  a  future  time  attempt  a  formal  solution  of 
the  problem.     It  does  not  exclude  M.  Boutigny's  views. 


METEOROLOGICAL  OBSERVATIONS  FOR  OCT.  1845. 

Chiswick. — October  I.  Very  fine.  2,3.  Rain.  4.  Cloudy  and  fine.  5.  Cloudy 
and  fine:  clear.  6.  Foggy  :  cloudy:  rain.  7.  Rain  :  cloudy  :  clear.  8.  Foggy: 
fine,  9.  Rain  :  clear.  10.  Heavy  rain.  11.  Rain,  with  fog  :  showery  :  clear  : 
slight  frost.  12.  Dense  fog :  cloudy  :  fine.  13 — 16.  Very  fine.  17 — 19.  Over- 
cast and  fine.  20.  Densely  overcast :  clear  and  fine.  21,22.  Fine.  23.  Fine  : 
clear  and  frosty  at  night.  24.  Dense  fog :  very  fine.  25,  26.  Foggy  :  partially 
overcast.  27.  Overcast :  clear.  28 — 30.  Very  fine.  31.  Overcast — Mean  tern- 
perature  of  the  month  \°  below  the  average. 

Boston. — Oct.  1.  Fine.  2.  Rain:  rain  early  a.m.  3.  Cloudy:  rain  a.m.  and 
P.M.  4.  Fine:  rain  p.m.  5.  Fine.  6.  Fine  :  rain  p.m.  7.  Rain  :  rain  early  am.  : 
rain  A.M.  8,9.  Fine  :  rain  p.m.  10.  Fine.  11.  Rain  :  rain  early  a.m.  12. 
Fine.  13.  Cloudy :  rain  early  a.m.  14—16.  Fine.  17,  18.  Cloudy.  19. 
Cloudy :  rain  a.m.  20.  Cloudy.  21.  Fine.  22—24.  Cloudy.  25,26.  Fine. 
27.  Cloudy.     28.  Fine.     29.  Cloudy.     30,31.    Fine. 

Sandwich  Manse,  Orkney. — Oct.  1.  Showers.  2.  Bright :  clear.  3.  Cloudy: 
drops.  4,  Showers.  5,  6.  Bright :  clear.  7.  Rain.  8.  Rain  :  damp.  9,  10. 
Rain.  11.  Showers:  rain.  12.  Bright:  cloudy:  halo  large.  13.  Rain.  14. 
Cloudy:  rain.  15.  Cloudy.  16.  Showers.  17.  Showers :  sleet :  cloudy.  18. 
Showers :  clear.  19.  Cloudy  :  rain.  20.  Rain:  showers,  21.  Cloudy  :  damp. 
22.  Damp  :  drizzle.  23.  Damp  :  cloudy.  24.  Bright :  rain.  25.  Bright : 
cloudy.  26.  Showers  :  rain.  27.  Showers  :  bright :  cloudy.  28.  Rain.  29. 
Drizzle  :  cloudy,     SO,  31.  Showers  :  clear. 

Applegarth  Manse,  Dumfries-shire. — Oct.  1.  Fair,  but  threatening.  2.  Dull  i 
rain.  3,  Deluge  of  rain  :  flood.  4.  Soft  rain  all  day.  5,  6.  Fair  and  clear : 
hoar-fro  t.  7.  Fair,  but  cloudy.  8.  Fair  a.m.  :  rain  p.m.  9.  Rain  early  a.m.  : 
cleared.  10.  Slight  showers  p.m.  11.  Fine:  rain.  12.  Fair,  but  cloudy  :  halo. 
1.3.  Rain.  14.  Fair  and  fine.  15.  Wet  a.m.  :  cleared.  16.  Fair  and  clear. 
17,  Rain  all  day.  18.  Frequent  showers.  19.  Rain.  20.  Bitter  showers.  21. 
Moist,  but  no  fall.  22.  Fair  and  fine.  23.  Fair  and  fine:  cloudy.  24.  Drizzling 
p.m.  25.  Beautiful  day  :  one  slight  shower.  26.  Fair,  but  chilly  :  rain  p.m. 
27,  28.  Wet.  29.  Wet :  very  wet  p.m.  30.  Wet  early  a.m.  :  fine  p.m.  31.  Fair 
and  fine. 

Mean  temperature  of  the  month 49"''6 

Mean  temperature  of  Oct.  1844       47  '2 

Mean  temperature  of  Oct.  for  twenty-three  yean  .  46  '4 
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Acids  :— benzoic,  105,  129;  nitroben- 
zoic,  106;  cinnamic,  129;  chloroben- 
zoic,  135. 

Actino-chemlstry,  contributions  to,  25, 
276. 

Addison  (W.)  on  some  peculiar  modifica- 
tions of  the  force  of  cohesion,  .395. 

Airy  (G.  B.)  on  a  new  construction  of  the 
divided  eye-glass  double-image  micro- 
meter, 301. 

Algebra,  on  the  foundation  of,  226. 

Algebraical  couples,  on,  38. 

Alimentary  substances,  on  the  proportion 
of  nitrogen  contained  in,  350. 

Allen  (W.)  notice  of  the  late,  142. 

Amblygonite,  examination  of,  236. 

Angle,  infinite,  on  the  values  of  the  sine 
and  cosine  of  an,  228. 

Animal  charcoal,  on  the  action  of,  269. 

Animals,  on  the  formation  or  secretion  of 
alkaline  and  earthy  bodies  by,  395. 

Armstrong  (W.  G.)  on  the  spheroidal 
condition  of  liquids,  257,  568. 

Atmosphere,  on  the  diurnal  changes  of 
the  aqueous  portion  of  the,  427. 

Atomic  volume  and  specific  gravity,  re- 
searches on,  453. 

Babingtonite,  examination  of,  123. 

Bainbridge  (Col.)  on  a  protracting  pocket 
sextant,  397. 

Barometer,  on  the  application  of  photo- 
graphy to  registering  the,  273 ;  on  the 
connexion  between  the  winds  of  the  St. 
Lawrence,  and  the  movements  of  the, 
391 ;  effects  of  the  diurnal  changes  of 
the  aqueous  portion  of  the  atmosphere 
on  the,  427. 

Barometrical  variation,  observations  on, 
395. 

Bebeerine,  on  the  constitution  of,  253. 

Beck  (T.  S.)  on  the  nerves  of  the  uterus, 
397. 

Benzoate  of  copper,  on  the  products  of 
the  distillation  of,  3. 

Benzoline,  researches  on,  390. 

Binney  (W.)  on  the  fossil  trees  found  at 
St.  Helen's,  241. 

Birt  (W.  R.)  on  the  great  symmetrical 
barometric  wave,  237. 

Bleaching  powder,  action  of,  on  salt*  of 
copper  and  lead,  294. 


Blood-corpuscle,  on  the  development  of 
the,  393. 

Blue  spar,  examination  of,  234. 

Blyth  (Dr.)  on  styrole,  and  some  of  the 
products  of  its  decomposition,  97. 

Boguslawski  (M.)  on  the  use  of  a  new 
micrometer,  299. 

Booth  (Rev.  J.)  on  a  new  class  of  proper- 
ties of  curves  and  curved  surfaces  of 
the  second  order,  538. 

Boudault  (M.)  on  the  products  of  distil- 
lation of  dragon's  blood,  119;  on  oxi- 
dation by  means  of  cyanogen,  307. 

Boutigny  (M.)  on  the  spheroidal  condition 
of  liquids,  257. 

Brewster  (Sir  D.)  on  the  discovery  of  the 
composition  of  water,  195. 

Bromostyrole,  preparation  and  proper- 
ties of,  108. 

Bronwin  (Rev.  B.)  on  the  reduction  of 
the  four  forms  of  »>  in  Jacobi's  general 
transformation  of  an  elliptic  function 
to  one  form  only,  42. 

Cambridge  Philosophical  Society,  pro- 
ceedings of  the,  56, 226. 

Cascarilla,  analysis  of,  567. 

Cayley  (A.)  on  algebraic  couples,  38 ;  on 
the  transformation  of  elliptic  functions, 
424. 

ChaUis  (Rev.  J.)  on  the  aberration  of  light, 
321. 

Chemistry : — on  the  products  of  the  di- 
stillation of  benzoate  of  copper,  3 ;  com- 
position of  chlorindatmit,  20 ;  analyses 
of  manure  and  coal-gas,  23 ;  actino- 
chemistry,  25,  276 ;  on  styrole  and 
the  products  of  its  decomposition,  97, 
264;  draconyle,  119;  analysis  of  the 
refuse  lime  of  gas-works,  121 ;  action 
of  chlorine  on  benzoic  and  cinnamic 
acids,  129,  366;  occurrence  of  phos- 
phoric acid  in  rocks,  155,  161,  229, 
310;  on  some  phosphates,  156,  233, 
312;  on  the  conjugate  compounds,  171 ; 
on  toluidine,  178;  ozone,  197,  372, 
384,  386,  400,  450;  new  method  of 
measuring  the  water  of  cystallization 
of  salts,  207 ;  ruthenium,  230 ;  osmium 
and  its  compounds,  232;  bebeerine, 
253 ;  action  of  animal  charcoal,  269 ; 
action  of  bleaching  powder  on  salts  of 
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copper  and  lead,  294;  oxidation  by 
means  of  cyanogen,  307 ;  taurine,  318 ; 
double  salt  of  chloride  of  mercury  and 
acetate  of  copper,  ib. ;  allotropism  of 
chlorine,  327 ;  proportion  of  nitrogen 
in  alimentary  substances,  350 ;  cry- 
stallized alloy  of  zinc,  iron,  lead  and 
copper,  370 ;  analyses  of  the  ashes  of 
wheat,  390 ;  benzoline,  ib. ;  contribu- 
tions to  the  chemistry  of  the  urine,  396 ; 
compounds  of  tin  and  iodine,  400 ;  on 
the  red  colour  of  litharge,401 ;  artificial 
production  of  diaphanous  quartz  and 
hydrophane,  404;  on  atomic  volume 

.  and  specific  gravity,  453 ;  analyses  of 
the  ashes  of  sugar-canes,  533 ;  on  re- 
spiration, 561 ;  analyses  of  titaniferous 
iron  and  sphene,  564  ;  on  cascarilla  and 
cascarilline,  567. 

Chlorindatmit,  on  the  composition  of,  20. 

Chlorine,  on  the  allotropism  of,  327. 

Chlorostyrole,  preparation  and  proper- 
ties of,  109. 

Cinnamic  and  benzoic  acids,  on  the  action 
of  chlorine  on,  129,  366 ;  test  for,  369. 

Cinnamole,  observations  on,  116. 

Claus  (M.)  on  the  new  metal  ruthenium, 
230;  on  osmium  and  its  compounds, 
232. 

Clouds,  on  the  formation  of,  395. 

Coal-gas,  analyses  of,  24. 

Cobalt,  on  the  magnetic  relations  of,  1. 

Cockle  (J.)  on  the  resolution  of  equations 
of  the  fifth  degree,  125  ;  on  the  theory 
of  equations,  292. 

Comet  of  M.  Mauvais,  151,  409;  first  or 
periodical  comet  of  De  Vico,  152,  410 ; 
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